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ABSTRACT 
The ecological, environmental, economic and social significance have made 
wetlands one of the most important ecosystems on Earth. Wetlands in Hong Kong, 
like those in other parts of the world, are continuously threatened by urban 
development, and the Hong Kong Government is planning to compensate the 
degraded and lost wetland habitats by wetland enhancement, restoration and creation. 
Hydrology is one of the significant factors affecting the distribution and growth 
performance of wetland plants. However, information on the effect of submergence 
level on the growth of emergents in this region is scanty. The objectives of the 
current study were: (1) to study the growth of different freshwater emergent species 
under different water levels in pots and in the field; (2) to provide more information 
on species selection for the creation of freshwater wetlands in Hong Kong; and (3) to 
give additional information for hydrological management in created freshwater 
wetlands. 
In the field experiments, the effects of submergence level on the growth 
performance of selected species of freshwater emergents in a natural wetland and a 
• t • 
created wetland were examined. Submergence level did not have significant 
influence on the biomass production of the species in the natural wetland and created 
wetland. The results indicated that Cyperus malaccensis and Paspalum distichum had 
relatively greater and stable biomass production under the three submergence levels. 
These experiments also demonstrated that C. malaccensis and Phragmites australis 
had highest N and P yields under the three levels of submergence, which implies that 
Cyperus malaccensis and Paspalum distichum, and C. malaccensis and Phragmites 
australis would be useful in wetlands restoration and creation, and wastewater 
purification respectively. There were different impacts of submergence level on plant 
growth performance in terms of nutrient allocation and yields in the natural and 
created wetlands. 
The greenhouse experiment investigated the interactive influences of 
submergence level and soil type on growth performance of some species in order to 
obtain more useful information for species selection for wetland creation in the 
absence of environmental influence by' adverse weather, foraging, weeds and pests. 
The biomass, N and P yields of Scirpus littoralis were higher under higher 
submergence levels. The biomass and nutrient yields of S. littoralis was significantly 
higher in natural wetland soil (clay soil). The difference in significant effect of 
submergence levels on biomass production and nutrient yields of Leersia hexandra 
III 
and S. littoralis between the pot and field experiments implies that their growth may 
be sensitive to environmental stresses. 
This study improves the understanding of the effects of water depth on plant 
growth. This provides basic information for the better management in the areas of 
wetland restoration, creation and conservation, and gives recommendation of species 
for planting in created wetlands. These results could serve as a basis for further 
research on wetland ecology. 
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Chapter 1 Introduction 
1.1 Wetlands 
Wetlands, the transition between terrestrial and aquatic ecosystems, are one of 
the most important ecosystems on Earth. They stabilize water supplies from 
upstream, and thus ameliorate both floods and drought, and remove materials 
associated with the sediments from the water column in the wetlands (Johnston, 
1991). Therefore, they are sometimes described as ‘the kidneys of the landscape' 
(Mitsch and Gosselink, 2000). They are highly productive and provide economic 
values to the wide variety of flora and fauna (Cronk and Fennessy, 2001). Not 
surprisingly, there are growing interests in managing and protecting wetlands in the 
society. 
Definition of wetlands has been controversial. The Ramsar Convention - an 
international government treaty of more than 90 countries that interests in worldwide 
wetland conservation adopted the following as an international definition of wetlands: 
"areas of marshes, fen, peatland or water, whether natural or artificial, permanent or 
temporary, with water that is static or flowing, fresh, brackish or salt, including areas 
of marine water the depth of which at low tide does not exceed six meters" (Ramsar 
Information Bureau, 1998). There are some precise descriptions to ensure common 
understanding of wetlands according to Hammar (1997) (Table 1.1). 
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Table 1.1 Definitions of some common types of wetlands (Hammar，1997). 
Types of wetland Definition 
Natural wetlands • Areas have at least periodically saturation with water in 
soil and continue to support hydric soils, wetland flora 
and fauna 
Restored wetlands • Natural wetland ecosystems modified for specific 
purposes but then subsequently altered to restore poorly 
drained soils and wetland flora and fauna to enhance 
life support, flood control, recreational, educational, or 
other functional values of natural wetlands 
Created wetlands • Deliberately modified well-drained former wetlands to 
poorly drained soils so that to establish the requisite 
hydrological conditions and wetland flora and fauna to 
enhance the functional values of wetland 
• May be built as replacement of any wetlands lost in 
urban development 
Constructed wetlands • Artificial wetlands to create poorly drained soils, 
wetland flora and fauna for the primary purpose of 
pollutant removal from wastewater 
• Also include 'human-made wetlands' such as fish and 
shrimp ponds, farm ponds, irrigated agricultural land 
(e.g. rice paddies), salt pans, reservoirs, gravel pits, 
sewage farms and canals (Tiner, 1999) 
Classification of wetlands is useful in order to describe their characteristics such 
as plant communities, soil type and hydrological conditions, and manage them 
effectively (Cowardin et al, 1979). Several countries such as U.S., Canada, Australia, 
South Africa and Indonesia use the Ramsar definition as a starting point and 
classified wetlands according to their local conditions. The U.S. Fish and Wildlife 
Service adopted the categorization by Shaw and Fredine (1956) and published the 
first official wetland classification which divided wetlands into four main types: 
inland fresh areas, coastal fresh areas, inland saline areas and coastal saline areas. To 
focus on the plant communities, Cronk and Fennessy (2001), categorized wetlands 
into three major types: (1) marshes, where herbaceous species dominate; (2) forested 
2 
wetlands, where trees or shrubs dominate; and (3) peatlands, where the 
decomposition of plant matter is slow enough to allow peat to accumulate. 
In the current study, herbaceous plant communities of the tidal freshwater 
marshes were the main focus. Tidal freshwater wetlands are wetlands affected by the 
fluctuation of tides and are often located near rivers that drained into estuaries or 
oceans, for example the Mai Po Marshes Nature Reserve in Hong Kong. Marshes can 
be further classified into coastal salt marshes, inland lacustrine marshes, inland 
riverine marshes and inland depressional marshes. Each of these kinds of wetland is 
having its diversity of plant community. In Hong Kong, it may be applicable to adopt 
the Australian definition of wetlands since the climate and thus the species diversity 
are quite similar in these two regions. The Australian definition emphasizes 
hydrology and wetland biota, specifically hydrophytic vegetation and waterbirds. It 
defines wetlands as "land permanently or temporarily under water or waterlogged". 
Temporary wetlands are wetlands having waterlogging of sufficient frequency and 
I 
duration to affect the biota. So, the occurrence of hydrophytic vegetation or use by 
• . • 
waterbirds is necessary attributes (Paijmans et al, 1985). Most of the species tested 
in the present experiments grow in herbaceous swamps and sedge swamps (swamps 
refer to vegetated areas with water depth less than one meter). 
1.2 Importance of wetlands 
The valuable uses of wetlands are now being recognized and translated into 
wetland protection regulations and management plans (Mitsch and Gosselink, 2000). 
Wetland values are functions that are useful and important to people (Kent, 2001). 
3 
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Some of the functions and values of wetlands are listed in Table 1.2 and described 
below. 
Table 1.2 Wetland functions and values. 
Ecological Wildlife support 
Production export 
Elemental transformation and cycling 
Environmental Flood control 
Shoreline stabilization 





Social Scientific and educational venue 
Recreation 
Wetlands play major roles in the landscape by providing unique habitats for a 
wide variety of flora and fauna, and are necessary for the survival of a high 
percentage of endangered and threatened species (Mitsch and Gosselink, 2000). It is 
because wetlands have seasonal or permanent surface water that supports wildlife 
including: (1) vertebrates, e.g. fish, amphibians, reptiles, birds and mammals; (2) 
J t »•: 
invertebrates, e.g. mollusks, arthropods, annelids and insects and (3) microscopic life 
that processes and transforms organic and inorganic substances, which subsequently 
support important bio-geo-chemical cycles and make energy and nutrients available 
to all higher life forms (Hammer, 1997). However, the types of wildlife depend on 
landscape characteristics including water depth and permanence, vegetation type and 
cover, habitat size, and the nature of the surrounding environment (Forman and 
Godron, 1986). Moreover, the primary productivity of wetlands exports dissolved 
4 
and particulate organic carbon to downslope aquatic ecosystems, and serves as the 
basis for microbial and detrital food webs (Kent, 2000). Wetlands also have their 
significant role to serve as sinks and transformers of many organic and inorganic 
substances such as nitrogen, phosphorus, carbon, sulphur, iron and manganese. These 
substances may become the litter, mineralized, translocated in plants or transformed 
by changes in redox potential or biotic components. 
For environmental values, coastal wetlands are capable to serve as buffer areas 
and alter flood flows. Water from precipitation, overbank flow and subsurface flows 
may be detained in wetlands by depressions, plants, debris and as a result of the 
wetland slope (Kent, 2000). Therefore, wetlands are important for reducing 
downstream flooding, distance from downstream, size of the flood, closeness to 
upsteam wetlands and the lack of other upstream storage areas (Ogawa and Male, 
1986). In addition, roots bind soils and dissipate erosive forces by wave and current. 
Aboveground parts such as trunks, stems and branches of the vegetation in wetlands 
stabilize the underlying soils by the dissipation of frictional resistance and the 
reduction of erosive forces, so as to stabilize the shorelines. Besides, both natural and 
constructed wetlands have been used as wastewater treatment systems as they are 
efficient water purification systems and nutrient sinks (Brix，1993). The high 
productivity of vegetation in wetlands facilitates the uptake of nutrients as well as 
j ( 、，. • 
production of photosynthetic oxygen thus increases aerobic degradation in microbial 
decomposition of organic matters (Brix, 1997). The emergents themselves also 
provide a huge surface area for attached microbial growth. Wetlands therefore have 
high potential to accumulate and transform organic material and nutrients. Wetlands 
with pervious underlying soils can recharge underlying material and groundwater 
5 
(Kent, 2000). Furthermore, they are able to trap and retain sediments, nutrients and 
toxicants physically by the reduction in water velocity. Dissolved substances can also 
be retained with organic and inorganic particulates after sorption, complexation, 
. : i 、 • 
precipitation and chelation in soils. 
Wetlands are breeding and nursery grounds for commercial fisheries such as fish, 
shrimps, crabs, oysters and other shellfish. Over 95% of the fish and shellfish species 
that are harvested commercially in the U.S. are wetlands dependent (Feierabend and 
Zelazny, 1987). Apart from aquaculture, the area of wetland timber in the U.S. is 
about 22 million hectares (Mitsch and Gosselink, 2000). The production of rice in 
managed wetlands contributes a major proportion of world's food supply. Aselmann 
and Crutzen (1989) estimated that there are approximately 1.3 million km of rice 
paddies in the world, of which almost 90% are in Asia. Phragmites australis, 
Spartina alternifJora, Typha angustifolia and Cyperus papyrus are other common 
agricultural crops in wetlands used as raw materials in the fermentation of methane, 
to generate energy. 
Wetlands provide an opportunity for studying fundamental biological and 
ecological principles including energy flow, biogeochemical cycling, population 
biology and community structure. Besides, wetlands are the focus of more specific 
studies related directly to inherent functions and values e.g. pollutant removal, 
habitat provision and flood attenuation (Kent, 2000). In addition, wetlands also 
provide recreation and eco-tourism opportunities such as hiking, bird watching, 
fishing, canoeing, photography and others. 
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1.3 Wetland plants 
Different types of wetlands have their distinct plant communities and wetland 
plants are one of the essential components of wetlands. Wetland plants are any 
macrophytes that grow in water or on substrate that is at least periodically deficient 
in oxygen as a result of excessive water content (Federal Interagency Committee for 
i . ‘ 
Wetland Delineation, 1989). They can be categorized based on their growth forms 
into groups shown in Table 1.3. 
1.4 Adaptations of wetland plants to flooding 
Flooding induces the environmental conditions in wetlands. In order to survive 
under submergence in saturated soil, many adaptations have evolved in wetland 
plants. For wetland plants, the primary constraint imposed by flooding is impeded 
gas exchange (Armstrong et al.，1994). The diffusion of most gases can occur 10000 
times slower in saturated soil than it is in aerated soils (Greenwood, 1961). The 
formation of aerenchyma (porous tissue in shoots and roots) in wetland plants is a 
1 ； . • ‘ 
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common adaptation to oxygen deficiency due to hypoxia or anoxia. It can facilitate 
gas exchange by reducing the diffusive resistance of gases from shoot to root, and, 
reducing the oxygen demand per unit volume of plant organ. Besides, it provides 
more air space in plants thus provides storage of gases (Cronk and Fermessy, 2001). 
Arerenchyma may be lysigeneous (cells collapse and induce separation of cells) in 
Gramineae and Cyperaceae. However, it can be shizogeneous (cells separate but do 
not collapse) in Polygonaceae (Armstrong et al, 1994). 
. . . . ‘ . 
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Table 1.3 Types of wetland plants (Sculthorpe, 1967). 
Types Characteristics Examples 
Emergent plants • Herbaceous or sometimes • Families include 
woody species Gramineae (grasses), 
• Rooted in soil with basal Cyperaceae (sedges), 
portions grow below water Juncaceae (rushes), 
surface, whereas the Typhaceae (cattail), 
photosynthetic parts and Polygonaceae 
reproductive organs are aerial (smartweed) and 
• Dominate both freshwater and Alismataceae (water 
saltwater marshes plantain) 
Floating plants • Stems and leaves float on the • Species include Pistia 
water surface, while their roots stratiotes (water 
detach from the soil and hang lettuce), Eichhornia 
free in the water crassipes (water 
• Common and become invasive hyacinth) 
in wetlands in the tropical and • Genera include Lemna 
sub-tropical regions (Cronk (duckweed) and 
and Fennessy, 2001) Wolffia (water meal) 
Floating-leaved • Leaves float on the water • Families include 
plants surface but roots attach to the Nymphaeaceae (water 
soil lily) and 
• Usually shades the water Nelumbonaceae 
column thus is able to (water lotus) 
outcompete the submerged 
plants below for light, 
particularly when turbidity is 
high (Haslam，1978) 
Submerged plants • Normally have all • Families include 
photosynthetic tissues under Hydrocharitaceae 








Ethylene is the plant hormone involved in the formation of aerenchyma which 
stimulates degeneration of cell wall and increase in the activity of compounds that 
degrade cell walls (Vartapetian and Jackson, 1997)，for which, the synthesis of 
ethylene is affect by the level of oxygen in plants. 
Wetland plants possess various morphological and metabolic adaptations to 
flooding (Table 1.4). 
Table 1.4 Adaptations to flooding in emergent wetland plants. 
Morphological adaptations • Adventitious roots 
• Shallow rooting 
• Elongation of stem 
• Special transport mechanisms(pressurized 
ventilation and Venturi-induced convection) 
• Radial oxygen loss 
Metabolic adaptations • Control of energy metabolism (Pasteur effect) 
• Extensive energy reserve 
• Essential gene products for the synthesis of 
macromolecules 
• Protection against post-anoxic injury 
Adventitious roots form as the original root system dies back because of anoxia 
and the new roots are needed to aid in survival and recovery (Jackson and Drew, 
i.i 丨. 
1984). They are common in herb>aceous species such as Phragmites australis, Rumex 
spp. and Ludwigia spp. The presence of aerenchyma in these roots makes them more 
porous than normal roots (Kozlowski, 1982) and aid in water and nutrient uptake in 
flood-tolerant plants. As they are in contact with oxygenated soil, air and water, the 
nitrate availability to plants under anoxic stress is therefore enhanced (Cronk and 
Fennessy, 2001). 
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Herbaceous wetland species tend to have shallow root system so that it allows the 
roots access to nitrate and oxygen (Megonigal and Day, 1992). Weisner and Strand 
(1996) found that Phragmites australis concentrated root growth at or near the soil 
surface in flood sediments. 
Wetland plants have elongated stems which come into contact with air and 
sunlight, thus enhance their survival under submergence. It may be stimulated by the 
accumulation of ethylene which causes the shoot's cells to elongate (Vartapetian and 
Jackson, 1997). This has been observed in many wetland plants including Sagittaria 
spp, Scirpus spp. and Typha spp. It was found that the elongation in response to 
partial submergence of Oryza sativa (deep-water rice) was the most vigorous during 
the photoperiods (Stunzi and Kende, 1989) of seasons with periodic flooding. 
t ‘ ；‘ 1 
, 
Besides diffusion, gas is transported to wetland plants via pressurized ventilation, 
which plays an important role in aeration of plant roots. In pressurized ventilation in 
dicot Nuphar lutea (yellow water lily), monocots such as Phragmites australis, 
Eleocharis spp., Scirpus spp. and Typha spp., air moves into the plant through the 
stomata of younger leaves against a small pressure gradient as a consequence of 
humidity-induced pressurization and thermal transpiration, down the stem to 
rhizomes, and then up the stems of the older leaves and back to the atmosphere (Brix, 
1993). Moreover, the proportion of oxygen that enters the rhizome via Venturi-
induced convection may be quite significant in high winds or when the number of 
i V'..‘ 
dead and broken shoots per unit length of rhizome is high (Armstrong et al.，1992). 
In Venturi-induced convection, the taller shoots are exposed to higher wind 
velocities thus lower external air pressure. The broken shoots and stubbles remain 
10 
attached to rhizomes. This induces a pressure differential that draws atmospheric air 
into the underground root system, while the air is released through the taller shoots 
(Brix, 1993). 
t" 
Radial oxygen loss is the leakage of oxygen from roots which occurs when more 
oxygen is supplied than required for root respiration. The oxidized rhizosphere (the 
zone surrounding plant roots) facilitates the plants in oxidizing toxic materials and 
the nitrification-denitrification process, which is a vital wetland plant function (Tiner， 
1999). 
Submergence lengthens the diffusion path for gas exchange thus restricts the 
carbon dioxide supply for photosynthesis (Bowes, 1989; Madsen, 1993). Moreover, 
plants receive less sunlight under submergence. Photosynthetic activities are 
therefore reduced by the attenuation of light and a great depletion of far-red light 
I , ‘ 
with water depth (Holmes and Klein, 1987). To adapt to the deprivation of oxygen 
under submergence, wetland plants generate carbon dioxide anaerobically by 
alcoholic fermentation. When the ratio of anaerobic CO2 production to aerobic CO2 
production exceeds 1:3, Pasteur effect will result. Summers et al (2000) found that 
the rate of glycolysis in Patamogeton pectinatus (pondweeds) was six times faster in 
anaerobic conditions than in air, and the increased rate of glycolysis resulted in rapid 
stem growth. This reflected that wetland plants can maintain the production of ATP 
for growth. 
11 
Emergent species such as “ Phragmites, Scirpus, Spartina and Typha have 
extensive energy reserve (larger rhizomes) which enable them to survive for longer 
11 
periods under flooded conditions (Barclay and Crawford, 1982). The requirement of 
the amount of fermentable compounds, for example glucose in ATP production in 
anaerobic respiration is greater than that in aerobic respiration. So, such larger 
carbohydrate storage structures provide greater stock of fermentable compounds and 
allow wetland plants to survive under anoxia for longer periods (Studer and Braendle, 
1987). 
• • i • • ‘ 
Synthesis of essential macromolecules such as proteins and lipids is significant in 
plant growth. New sets of ribonucleic acid (RNA) are produced according to the 
degree of hypoxia or anoxia under submergence (Sachs and Ho, 1986). For example, 
for the synthesis of a new set of proteins, mainly glycolytic enzymes, so as to adapt 
to anaerobiosis under oxygen depletion (Armstrong, 1994). Henzi and Brandle (1993) 
reported that the content and the composition of polar lipids was much more stable in 
Acorus calamus and Scirpus lacustris than in Iris germanica rhizomes. 
The re-exposure to oxygen under fluctuation of water depths can cause severe 
injuries e.g. becomes soft and starts to disintegrate, to plant tissues (Crawford, 1992) 
due to the generation of superoxide radicals, iron induced-hydroxyl radicals or other 
reactive oxygen species (Hendry and Brocklebank, 1985). Plant tissues in flood-
tolerant species such as Acorus calamus and Scirpus lacustris (Henzi and Brandle, 
1993) are protected against radicals either by the accumulation of antioxidants, e.g. 
ascorbic acid, or induction of active enzymes responsible for removing oxygen such 
as catalase and peroxidase (Larson, 1988). 
！. • V • 
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1.5 Effects of hydrology on wetland plants 
Hydrology is significant for the characterization of wetlands and there were 
numerous studies concerning the effects of hydrology on the zonation, diversity and 
growth performance of wetland plants. Besides the flood amplitude (water depth), 
the flood duration and frquency can also help us describe water regime. The amount 
of time that a wetland is in standing water is called the flood duration, and the 
average number of times that a wetland is flooded in a given period is known as the 
flood frequency (Mitsch and Gosselink, 2000). 
Plant species zonation occurs in response to variations in environmental 
conditions, particularly water depth (Cronk and Fennessy, 2001). In the 5-year study 
which assessed the effect of a permanent increase in water depth on wetland 
vegetation, performed in a 10-celled wetland complex, Marsh Ecology Research 
Program (MERP) in the Delta Marsh, Manitoba, Canada, van der Valk et al (1994) 
found that the species richness, total shoot density of the emergent species and the 
Shannon diversity index decreased significantly in the flooding treatments. Moreover, 
wetland vegetation can be affected by flood duration. In a temporary lake in Spain, 
the diversity, richness and uniformity of wetland plants increased continuously and 
remarkedly in wetter spring, from March to June (Femandez-Alaez et al, 1999). 
Flood fluctuation may have variable influences to wetland vegetation. Rjarslett (1989) 
reported that the species richness was lower under greater degree of flood fluctuation 
which resulted in higher ecological stress and disturbance. However, water level 
fluctuation up to 1 m diversified habitat area and increased species diversity in 
wetlands in New Zealand (Riis and Hawes, 2002). Besides, water level fluctuation 
also affects establishment of plants. It was considered an establishment constraint as 
13 
recruitment from the seed bank was most important during low water level periods 
and immediately followed a change 'in water depth (Seabloom et al,, 2001). Flood 
duration may be a major determinant of plant community composition that longer 
duration of flooding lowered the species richness and biomass more vigorously than 
that affected by water depth and flood frequency (Casanova and Brock, 2000). This 
reflects that wetland plants have their preference of water regimes such as water 
depth, flood duration and flood frequency for proper development. On the other hand, 
soil oxygen deficiency due to hypoxia or anoxia under submergence poses an 
ecological selective filter for plant growth as it affects plant functions such as 
stomatal opening, photosynthesis, water and mineral uptake, and hormonal balance 
(Kozlowski, 1984). • . , 
• V , 
• • i 
Hydrology is also the most important variable in the design of treatment wetlands. 
If the proper hydrologic conditions are developed, the chemical and biological 
conditions will respond accordingly (Mitsch and Gosselink, 2000). The hydrologic 
conditions which, in turn, depend on climate, seasonal patterns of streamflow and 
runoff, tides (for coastal wetlands), and possible groundwater influences. 
Hydroperiod including the seasonal pattern of the water depth and the frequency of 
flooding is one of the most basic design parameters for treatment wetlands. Wetlands 
that have a seasonal fluctuation of water depth have the greatest potential for 
developing diversity of plants, animals, and biogeochemical processes. Steiner and 
Freeman (1989) found that deep-water areas which was devoid of emergent 
vegetation offered habitat for Gambusia affinis (fish that used to control mosquitoes), 
could enhance nitrification as a prelude to later denitrification if nitrogen removal 
was desired, and could provide low velocity areas where water flow can be 
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redistributed. Moreover, a fluctuating water level can often provide needed oxidation 
of organic sediments and can, in some cases, rejuvenate a system to higher levels of 
chemical retention (Kobriger et al., 1983; Faulkner and Richardson, 1989). Besides 
the removal of nutrients, reedbeds also have high conservation value in Europe. 
Poulin et la. (2002) demonstrated that the water management in French 
Mediterranean reedbeds determined the breeding assemblage of passerines. The 
duration and timing of flooding affected the overall bird abundance through their 
impacts on food availability (i.e. the availability of seeds). Furthermore, the seasonal 
variation of in water levels influenced the passerine species assemblage through its 
effects on the habitat structure and floristic composition. For the establishment of 
plants in treatment wetlands, the optimal conditions for initial planting can be 
achieved by shallow flooding，followed by draining to surface of the soil, which 
leaves soft, moist soil condition for planting (Hammer, 1994). Plants may survive 
• t : 1 
1 
best if they are planted before wastewater enters the wetlands and then allowed to 
establish under wet conditions. Hammer (1994) recommends planting emergents 
when the wetlands are dry and adding 1 to 2.5 cm of clean water every week until the 
desired depth is reached. Improper hydrology leads to the failure of many created 
wetlands (D'Avanzo, 1989), therefore, appropriate water regimes are essential for the 
function of treatment wetlands. 
Many plants occur within a fairly narrow range of hydrologic conditions. 
Therefore, these species can be used to distinguish different water regimes in coastal 
and inland wetlands (Tiner，1999). ‘For example, Typha latifolia indicates the 
semipermanently flooded conditions in the interior western part of the U.S. wetlands, 
while Scirpus validus indicates the regularly flooded conditions in the east coast. 
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Other species may be frequently associated with the disturbance and their presence 
may indicate alterations of hydrology. For example, Phragmites in tidally restricted 
wetlands and Typha in lakes with stabilized water levels (Wilcox, 1995). 
1.6 Other factors affecting plant growth in wetlands 
Apart from water regimes, plant growth in freshwater wetlands is influenced by 
other factors such as salinity, nutrient' availability, light availability and biological 
invasion (competition). 
Salinity plays a part in shaping plant assemblages (Shay and Shay 1986) and is 
considered one of the primary factors affecting the distribution and abundance of 
rooted vascular plants in coastal wetlands, and high salt content in sediments can 
cause water stress and toxicity (Haines and Dunn, 1976). Substrate salinity of coastal 
wetlands varies as rainwater or freshwater inputs from inland may dilute water in 
wetlands while evaporation can increase pore water salinity (Flowers et cd., 1986; 
Fitter and Hay, 1987). Besides, it may also vary with season. Salinity is high in 
丨？二.;....、... ； .,(• 
summer and autumn as there is less precipitation (Callaway et al., 1990). According 
to Cronk and Fennessy (2001), high salinity affects plant growth in three main ways: 
1) Salts decrease the water potential so the plant should pose special mechanisms to 
make internal water potential even lower to facilitate water movement into the plant. 
2) Salt water has a different ionic mix that in freshwater, making the uptake of 
beneficial ions difficult. 3) High salinity in rhizophere reduces the uptake of carbon 
dioxide. Emergents open their stomata to take in carbon dioxide, but lose water at 
the same time. However, as emergents are under water stress and cannot afford 
losing water through transpiration, taking in carbon dioxide becomes problematic 
、‘，..：. 
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(Bradley and Morris, 1991). Morris and Ganf (2001) found that increasing salinities 
caused carbon allocation to shift from culms to tubers and, from roots to leaves in 
Bolboschoenus medianus, an emergent perennial native to Australia. In addition, 
increased salinity (up to 19.2 g NaCl/L) reduced early seedling biomass of Spartina 
alterniflora, a common emergent species in tidal marshes along the Atlantic and 
Scirpus robustus, a common facultative halophyte in inter-tidal emergent wetlands. 
Most wetlands plants are to some extent nutrient limited. Their optimal growth is 
1 
generally restricted by concentration and availability of N and P in many wetland 
systems (Hammer, 1997). Therefore，N and P regimes in wetlands are significant 
factors affecting plant growth. Nutrient enrichment modified the species 
composition of natural and semi-natural wetlands throughout the Northern 
Hemisphere (Morris, 1991; Bobbink et al, 1998). Nevetheless, different species 
may have diverse responses to N and P availability. Plant growth was generally less 
influenced by variation in P than in N supply (Giisewell and Koerselman, 2002). 
Besides, Keddy et al. (2001) found that the maximum growth rates of 21 wetland 
species were not affected by the reduction in P supply while a reduction in N supply 
affected the faster growing species more than the slower-growing ones. N and P 
supply also affected the biomass production of wetland plants to different extent. 
The total biomasses of 16 common herbaceous perennials in Swiss wetlands 
produced during a two-year experiment were smaller at high N supply than that at 
high P supply as these plants allocated less biomass to root than those grown at high 
P supply. Giisewell et al. (2003) suggested that high N supply reduced the second-
year growth because strong P limitation increased belowground nutrient loss from 
plants, while high P supply enhanced the second-year growth by improving N 
17 
retention in plants. These findings -reveal that N and P enrichment may have 
different impacts on wetland vegetation, and different species may have their 
locational preference for proper development. 
Competition with other species can be described as interactions among species 
which can potentially occupy the same habitat unit (Grosshans and Kankel, 1997) 
and may be an important limiting factor for many wetland plants such as Typha 
latifolia, Phragmites austral is and Hydhlla verticillata, which aggressively spread, 
forcing out other species and forming monotypic stands (Hammer, 1997). High 
population of a monotypic stands may form dense mats thus interrupting sunlight 
and causing oxygen depletion' to' submerged species which affect plant growth 
critically. Light availability is also an important regulator of the distribution of 
submerged plants (Sand-Jensen and Borum, 1991). There were studies that provided 
evidence to support the influence of competition for space, light, or nutrient 
resources, suggesting the water depth range of a species was suppressed when grown 
in the presence of one another (Smith, 1972; Grace and Wetzel, 1981; Squires and 
van der Valk, 1992). The control of competition is crucial during the first growing 
season to ensure appropriate conditions for successful stand establishment (Budelsky 
and Galatowitsch, 2000); Carex lacustris, a widespread sedge in temperate North 
American wetlands, produced dense stands under a primarily annual weed 
• ' i !• I ,. , . . . 
community within two to three growing seasons. While Phalaris arundinaceae, a 
perennial grass abundant in Europe, Africa, North America and Asia, could preclude 
successful establishment of C, lacustris. This reflected that interspecies competition 
can be a significant constraint on the successful establishment of C. lacustris and 
should be considered explicitly when developing a wetland restoration plan. 
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1.7 Wetlands in the world 
Wetlands are found on every continent except Antarctica and in every clime, 
from tropics to tundra (Mitsch and Gosselink, 2000). The area of the world's 
I ‘• 
wetlands is about 4 to 6% of the land surface of the Earth, which is approximately 
from 7 to 9 million km . It has been greater wetland loss in Europe and parts of 
Australia, Canada and Asia, and there was about 60% loss of wetlands in China 
(Mitsch, 1998). Therefore, protection of wetlands in Hong Kong and mainland China 
can make considerable contribution to wetland conservation of the world. 
1.8 Wetlands in Hong Kong 
There are different types of wetlands in Hong Kong including inter-tidal mudflat, 
fishponds, sea-grass beds, coral rocky seashores, rivers and streams, freshwater 
marshes, irrigated agricultural land, and reservoirs (Tsim and Lock, 2002). The most 
'i i. 
recognized are the mudflats and mangrove forest surrounding Inner Deep Bay and 
Mai Po. Around Mai Po, there is also the largest man-made wetland remaining in 
Hong Kong, which is made up offish and shrimp ponds {gei wais) (WWF, 2001). 
1.8.1 Mai Po Inner Deep Bay Ramsar Site 
The Mai Po Wetlands cover approximately 340 hectares of mangrove and gei 
wais which were first recognized in 1975 (Tsim and Lock, 2002). They have been 
protected and listed as a Site of Special Scientific Interest (SSSI). Moreover, the Mai 
Po Inner Deep Bay area that covering 1500 hectares was listed as a 'Wetland of 
International Importance' under the Ramsar Convention in 1995. This reveals that 
there is a great worldwide recognition of the value of this site. This site has a high 
biodiversity including 17 mammals, 300 birds, 21 reptiles, 7 amphibians, 37 fish, 
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over 400 invertebrates and at least 146 plant species (Tsim and Lock, 2002). 
Eighteen species of waterbirds are considered threatened and 30 species occur in 
numbers that are greater than 1% of their estimated population. These include 
Platalea minor (black-faced spoonbil l)(黑臉琵驚)and Ciconia boyciana (oriental 
white stock)(東方白鸛）in Ea'st. Asia (Carey and Young, 1999). Besides, plant 
species including 23 trees, 18 shrubs, 36 herbs, 12 vines, 29 grasses, 5 sedges and 
ruches, 11 ferns and 12 mangrove and associates species have been recorded in this 
Ramsar site. 
The Mai Po Inner Deep Bay Ramsar Site was divided into five zones 
(Anon., 1997) (Table 1.5). 
Table 1.5 The five zones of the Mai Po Inner Deep Bay Ramsar Site. 
Core Area To provide an undisturbed and largely natural 
area 
Biodiversity Management Zone To provide a focus for biodiversity 
conservation, education, and training in a 
relatively intensively managed environment 
Wise Use Zone To allow ecologically sustainable use of 
wetland and other natural resources as long as it 
is compatible with the goals of the Ramsar site 
Public Access Zone To enable people to have managed access to a 
part of the Ramsar site in order to appreciate its 
special values and enjoy contact with wildlife 
Private Land Zones No management has been prescribed but are 
still subject to land use restrictions 
The vegetation of this site are ^  managed in order to sustain its ecological status 
and thus protect the habitats for other wildlife. For example, exotic or invasive 
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species such as the climber Mikania micrantha, the grass Spartina spp. and the 
mangrove Sonneratia spp. need to be removed to prevent the reduction of 
biodiversity in the wetland. However, to maintain its ecological significance, the 
management may cause apparent conflicts with the cultural importance (Young, 
2004). For example, the control of spread of mangroves over the mudflats, which is 
necessary for the conservation of these wetland habitats, would cause negative 
impression of the reserve to v i s i t o r s . , . 
1.8.2 Wetland conservation in Hong Kong 
Many wetlands in Hong Kong are threatened by urban development. For example 
streams are being polluted by household, agricultural and industrial wastes, which 
eventually travel down to estuaries and coastlines (WWF，2001). Beside, mangroves 
and freshwater marshes have also been reclaimed for the development of new towns 
such as Shatin, Tai Po and Tin Shui Wai. Loss rates of wetlands around the world 
and the subsequent recognition of wetland values have simulated restoration and 
creation of these systems (Mitsch and Gosselink, 2000). In Hong Kong, the 
declaration of the Mai Po Inner Deep Bay Ramsar Site in 1995 has increased the 
recognition of the value of wetlands. 
The Agriculture, Fisheries and Conservation Department (AFCD) of the Hong 
Kong Government revised the Nature Conservation Policy in 2004 based on a 
sustainable manner, and the land use planning in a no-net-loss principle, which 
aimed to maintain the sustainability of wetlands in Hong Kong. The AFCD has the 
approach of 1) wetland creation, 2) wetland enhancement and 3) wetland restoration 
in order to compensate the loss in wetland habitats. Here are some examples: 
21 
1) Wetland creation: the creation of the Hong Kong Wetland Park (a constructed 
wetland of 64 hectares) to compensate the 61-hectare loss of freshwater wetland 
habitat in Tin Shui Wai. 
2) Wetland enhancement: the promotion of wetland functions of 11 hectares of 
mangroves by human activities to compensate the loss of mangrove habitat in Tai 
O. 
3) Wetland restoration: the return of 27 hectares of disturbed fishpond habitat due to 
the construction of Lok Ma Chau to Sheung Shui Spur Line to a previously 
existing condition. 
However, it is impossible to restore wetland ecosystems exactly as they were in 
terms of their complexity and variation in physical appearance, species composition 
and ecological processes (Keddy, 2000). In addition, constraints involving selection 
of location, time limitation and fragmentated forms of compensation seem to be the 
(•！ '. \ v V ' I :, 
challenges in wetland mitigation in Hong Kong. 
1.9 Successful cases and constraints on wetland restoration, creation and 
conservation 
1.9.1 The Ramsar Convention and wetland conservation 
In order to allow development of areas with wetlands, mitigation of wetlands 
losses through the restoration of wetlands is often required (Committee on 
Mitigating Wetlands Losses, 2001). The primary instrument for the protection 
and management of wetlands on a global scale is the Ramsar Convention on 
Wetlands of International Importance (Ramsar Convention, 2006). The Ramsar 
< . ； ‘ . V •� 
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Convention recognized tliat wetlands have great economic, ecological and 
22 
cultural value, and that encroachment and loss of wetlands must be reduce. As 
water resources for wetlands often cross political boundaries, the Ramsar 
Convention provides a framework for intergovernmental cooperation in the 
conservation and wise use of wetlands (Paulin and Kent, 2000). As of 9 
November 2006，there were 153 signatories to the convention and there are 1,630 
Ramsar sites, covering an area of over 140 million hectares. The Ramsar 
Convention requires countries that are signatories (1) to designate wetlands of 
international importance for inclusion on a list of Ramsar sites; the criteria for 
identifying wetlands of international importance are sites containing 
representative, rare or unique wetland types (Group A), and sites of international 
important for conserving biological diversity (Group B); (2) to promote the wise 
use of all the wetlands in their territory; (3) to designate wetlands as nature 
reserves and to promote training in wetlands research, management and 
protection; and (4) to consult with each other about the implementation of the 
Convention and about transfrontier wetlands and other aquatic systems (van der 
,,1 ‘ 
Valk, 2006). Examples of Ramsar sites in the world are shown in Table 1.6 
(Ramsar Convention, 2006). 
t 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1.9.2 Constraints in wetland restoration and creation 
In wetland restoration and creation, the complex and unique physicochemical 
environment, biodiversity and vulnerable changes in water levels of wetlands are 
difficult to restore or create (Zedler, 2001). Abiotic filters such as the hydrological 
regime and soil nutrient status determine the plant that will be able to persist (Cronk 
and Fennessy, 2001). It is essential to establish and re-establish desired wetlands 
species in wetland creation and wetland restoration respectively. However, the 
conditions where the species can establish initially may be quite different from the 
conditions after the same species has grown to maturity (Zedler, 2001). Natural re-
vegetation sometimes works but often does not or only partially (van der Valk, 2006). 
Five types of wetlands were listed in the Corps delineation manual as problem 
wetlands (Tiner, 1999)，they were: wetlands on drumlins, seasonal wetlands, prairie 
potholes, vegetated flats and man-induced wetlands. The Federal Interagency 
Committee for Wetland Delineation manual added a few more problem wetlands in 
t 
1989, including: FACU (Facultative Upland Plants)-dominated wetlands, evergreen 
forested wetlands, wetlands on glacial till, highly variable seasonal wetlands, 
interdunal swale wetlands, vegetated river bars and adjacent flats and caprock 
• * . • . . ' . 、 
limestone wetlands. 
1.9.3 Cases of wetland restoration and creation 
Due to the irremovable constraints, many created or restored wetlands may never 
be comparable to natural wetlands in historical wetland creation/restoration projects 




1.9.3.1 Restoring the habitat of endangered bird in southern California 
Zedler (1993) restored the habitat for an endangered bird Rallus longirostris 
levipes which have been lost in road construction and other pressures from the 
expanding human population along the California coast. Stem density of Spartina 
foliosa in some sampling areas of the restored marshes reached the reference density 
of 100 stems/m^, while only a few plants grew to reference height of > 90 cm. 
However, the following year a larger proportion of the stems was tall, but the stem 
density decreased substantially to only 53 stems/m^. This implies re-vegetation of 
desired species is often complicated and difficult to be comparable to natural 
wetlands. 
1.9.3.2 Creating tidal wetlands in San Diego Bay 
Zedler and Callaway (1999) found that the plants did not grow to the expected 
height in the creation of Sweetwater Marsh because the substrate was too sandy and 
coarse, which made the nutrient status low. Fertilizers were applied to the wetlands, 
however, this improved the growth of unwanted species that dominated and out-
compete the desired species. This reveals that it was not possible to remove all the 
constraints preventing the development of the created wetland into a wetland with a 
plant canopy comparable to a natural wetland (van der Valk, 2006). 
1.9.4 Constraints on wetland restoration and creation in Hong Kong 
1.9.4.1 Small scaled projects 
The wetland restoration and creation projects in Hong Kong are fragmented and 
practised individually. Nevertheless, if individual wetland patches are too small and 
isolated from one another, there would be drastic reduction of the potential 
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ecological value being created (Kusler and Kentula, 1990). Besides, there may 
probably be disturbance of the operation phase which makes the practices 
incompatible to land use (AFCD, personal communication, 2006). As a result, 
ecologists and engineers should try their best to increase the connectivity between 
wetland restoration and creation projects, and incorporate them to upland habitat in 
order to form an inter-connected ecosystem. 
1.9.4.2 Lack of long-term management 
It is apparent that the wetland restoration and creation projects are worked 
t 
temporarily and there is lack of long-term and continuous management for restored 
and created wetlands in Hong Kong (Lau, 2004). In order to sustain the success in 
wetland restoration and creation, it is necessary to monitored and regulate the water 
depth and quality, vegetation community and have proper control the invasion of 
unwanted species, e.g. Spartina spp.，Phragmites spp., Echinochloa spp. and 
Brachiaria spp. 
1.9.4.3 Lack of clear goals and objectives 
Restored and created wetlands are failures not because the wetlands specialists 
failed to identify and remove all constraints, but simply because the wetlands were 
poorly designed and executed (Malakoff, 1998). Nevertheless, many wetland 
mitigation projects in Hong Kong lack clear goals and objectives and thus the 
success of mitigation may never be assessed (Lau, 2004). Clear goals and objectives 
‘ ... i 
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are crucial for the design of wetland restoration and creation projects. There are 
conflicts between wetland ecologist and engineers about the immediate (e.g. 
temporary buffer area) and ultimate (e.g. conservation of wetland habitat to support 
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wildlife and education purposes). In fact, all the specialists should work together to 
get a well balance of goals and objectives of any wetlands projects. 
1.10 Objectives, significance and outline of the present study 
1.10.1 Research objectives 
The overall goal of the present study is to provide more information on the 
species selection of freshwater emergents for the creation of wetlands in Hong Kong, 
and to give information for improving management (especially water level) in 
coastal wetlands and created wetlands where the selected species in the current study 
are applied. The objectives of this research are: 
1 To examine the effect of level of submergence on the growth of freshwater 
emergents and to study the difference in soil properties under different water 
levels in natural wetland. 
.(丨I .,•‘ _ t 
2 To study the influence of level of submergence on the growth of 7 species of 
freshwater emergents and to determine the difference in soil properties under 
different water levels in constructed wetland. 
3 To determine the interactive effects of soil type and level of submergence on the 
growth of freshwater emergents in a greenhouse experiment with controlled 
conditions. 
1.10.2 Significance of the research 
There were three experiments in this research project. Each of them helped 
understand the effects of level of submergence on the growth of freshwater 
> ' 
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emergents. 
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Past studies pointed out that water depth had impact on plant assemblages, 
distribution, coverage, species richness, species diversity, total shoot density, 
establishment of vegetation and recruitment of seed bank (van der Valk, 1994; 
Femandez-Alaez et aL’ 1999; Boedeltje et al. 2001; Seabloom et al, 2001; Riis and 
Hawes, 2002; Magee and Kentula,' 2005; Watt et al., 2006). However, these studies 
only determined the locational preference of wetland plants. Besides, water 
management effects on plant height development were very important. Yet, there 
was little understanding about plant growth in response to water management. The 
current study puts greater emphasis on the growth performance in terms of biomass 
and nutrient contents of selected emergent species under different levels of 
submergence. 
About 50% of the world's wetlands have been lost (van der Valk, 2006) and in 
China wetland loss was about 60% (Mitsch, 1998). The effects of water depth and 
sediment type on the growth, biomass production, biomass allocation and 
morphological responses of emergent species were studied (Weisner et al, 1993; 
Lessen et al” 1999; Sorrell et al” 2002; Miller and Zedler, 2003)，but emergent 
:>• 
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species of temperate region or uncommon tropical species were often used, for which, 
the information acquired may not be applicable to the wetland creation activities in 
Hong Kong. Most of the wetlands in Hong Kong have been impacted by urban 
development. However, there is little information about native aquatic plant 
communities (Lau, 2004). Therefore, the current study used common species of 
freshwater emergents and soil in the wetlands in Hong Kong. As a result, local data 
could be obtained to provide a list of suitable species to be used in wetlands with 
different water depths in Hong Kong could be drawn. 
• •• 
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A study commissioned by the Territory Development Department from January 
1999 to July 2000 to select suitable species for the wetland recreation in the Hong 
Kong Wetland Park at Tin Shui Wai. However, only coverage and average height the 
species of freshwater emergents were monitored quantitatively. However, though 
estimates are often preferred over direct measurements due to time consideration, 
seasonal variation in cover, which may yield a sense of 'false precision' with an 
inaccuracy of 20% or more (Tiner，1999). Therefore, from an ecological point of 
view, direct measurements of biomass by harvesting were often preferred. In the 
present study, biological characteristics such as biomass and nutrient contents were 
examined, to reflect nutrient uptake and assimilation, photosynthesis and different 
adaptive strategies of freshwater emergents under different levels of submergence, 
and to reveal the growth requirements of freshwater emergents. 
1.10.3 Outlines of the thesis 
The outline of this thesis is shown in Table 1.7. 
Table 1.7 Outline of this thesis. 
Chapter 1 Introduction 
Chapter 2 Growth performance of selected species of freshwater emergents 
under different levels of submergence in a natural wetland 
J-V . ‘ 
Chapter 3 Growth performance of selected species of freshwater emergents 
under different levels of submergence in a created wetland 
Chapter 4 Growth performance of selected species of freshwater emergents 
under different levels of submergence and soil types in a 
greenhouse pot experiment 
Chapter 5 General conclusions 
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Chapter 2 Growth performance of selected species of freshwater 
emergents unders different levels of submergence in a 
natural wetland 
2.1 Introduction 
Hydrology is one of the critical environmental factors that affect the growth and 
distribution of freshwater emergents. There are distinct zones of plant species within 
a wetland in terms of water depth (Beharrell, 2004). Studies demonstrated that 
changes in water submergence level affect the species richness, species diversity and 
total shoot density of natural freshwater wetlands. In the ten cells of the Marsh 
Ecology Research Program (MERP) within Delta Marsh, Manitoba, Canada, the 
mean species richness, shoot density and Shannon's index of emergent vegetation 
were all significantly lower in the treatments with higher level of submergence (van 
der Valk et al., 1994). The lowest species richness was found in the wetland area 
with the most extreme monthly fluctuation in water level (2.4 m) (Riis and Hawes, 
2002). Different water depths resulted in the zonation of species (Femandez-Alaez et 
al,, 1999). Besides, water level also influenced soil properties and processes such as 
nutrient cycle, nutrient limitation and salinity (Neill, 1990; Morris and Ganf, 2001; 
Lewis and Weber, 2002). Water level was the primary factor that controlled 
fluctuations in the redox state in soil, and hence soil pH (Seybold et al” 2002). 
Wetland plant species have varied preference for water depths. Proper water level 
management is therefore crucial in wetland creation and restoration. However, 
information on the impact of water level on the growth of wetland plant species in 
the natural freshwater wetlands in southern China is scanty. Therefore, field studies 
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to investigate the locational preference of individual wetland plant species in relation 
to water level are necessary for natural wetland management. With the collaboration 
of the World Wild Fund for Nature Hong Kong, this research was proceeded at the 
most representative natural freshwater wetland in Hong Kong - the Mai Po Marshes 
Nature Reserve. 
The Mai Po Marshes Nature Reserve is located in the northwestern New 
Territories, covering 381 hectares of mangroves and wetland closures {gei wais) 
shrimp ponds which has been managed by the World Wide Fund for Nature Hong 
Kong on natural habitat and visitor facilities since 1983. In Sept 1995, because of 
greater worldwide and local recognition of the value of wetlands, the Mai Po Inner 
Deep Bay area (covering 1500 hectares) was listed as a 'Wetland of International 
Importance' under the Ramsar Convention. The Mai Po Inner Deep Bay area is 
composed of natural and artificial wetlands consisting of a wide range of habitats 
including mangroves, gei wais shrimp ponds, fishponds, inter-tidal mudflats, reed 
beds, freshwater marshes and streams. A high biodiversity with wide range of flora 
and fauna is supported by these habitats. Grasses and sedges are very common in the 
Ramsar site. The freshwater marshes in Mai Po have been colonized by freshwater 
plants such as Pragmites australis (common reed), Scirpus littoralis (coastal bulrush) 
and Cyperus malaccensis (short-leaved malacea galingale). In the Mai Po Marshes 
Nature Reserve, the reed beds cover 46 hectares, which are the largest in Hong Kong 
and Guangdong. Mangroves, which cover 280 hectares in the Ramsar site, is the 
largest mangrove habitat in Hong K!ong'and the sixth largest in China. 
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In order to select suitable species for wetland construction in the Hong Kong 
Wetland Park at Tin Shui Wai and to obtain growth data of freshwater wetland plants 
in Hong Kong, experimental trials were set up by the Territory Development 
Department from January 1999 to July 2000. The growth rates (in terms of coverage 
and average height) of 60 species of freshwater emergents were monitored 
throughout the study. Thus, locational preference of individual wetland plant species 
was determined and the levels of competition and dominance of particular species 
were assessed. However, in order to have a more precise determination, 
ecophysiological parameters concerning the effect of water level on plant growth 
were assessed in the present study. Processes such as nutrient uptake and assimilation, 
photosynthesis and different adaptive strategies were studied by the differences in 
plant biomass, nutrient contents and nutrient yield. In order to interpret the 
information on biomass and nutrient contents, the approach of harvesting the 
aboveground biomass (i.e. the whole shoot) is most suitable for assessing elements 
I ' _ ‘‘ 
that move readily in plants, such as'nitrogen and phosphorus (Reuter and Robinson, 
1997). 
The present study in the Mai Po Marshes Nature Reserve aimed to provide 
valuable findings on the growth of common emergent species in natural freshwater 
wetland habitat. The objectives of this study were to determine the effect of water 
submergence levels on the growth of freshwater emergents and to study the soil 
properties at different water levels. It is hoped that the experimental trial can provide 
information for the selection of suitable species for wetland restoration and creation, 
and recommendations for wetland management in Hong Kong and southern China. 
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2.2 Materials and Methods 
2.2.1 Site description 
The trial was established in a former fishpond (Pond 24b) at the Mai Po Marshes 
Nature Reserve (22° 30，N，114° 02, E) (Fig. 2.1). 
V ^ ^ 丨 河 
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Fig. 2.1 Location of the trial plots (Pond 24 b) at the Mai Po Marshes Nature Reserve 
(WWF, 2001). 
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The trial covered approximately 0.5 hectare, was located at the eastern shoreline of 
Deep Bay, with the water loaded from the Pearl River, Shenzhen River, Yuen Long 
Creek and Kam Tin River. 
Sixty rectangular plots, each 1 m wide by 5 m long (with their length 
perpendicular to the water line) were set up along the western side of the pond. All 
plots were in the gradient of approximately 1:10，and each of them was separated 
with wooden boards driven into the ground so as to prevent spreading and 
colonization of plants from the adjacent plots. 
. ； j . ‘ . . . ： 
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2.2.2 Planting 
Twenty species of freshwater emergent (Table 2.1), each with 100 seedlings, 
were planted in each plot, with the treatment consisted of 3 submergence levels in the 
precision of 土 10 cm，viz low: > 0 cm; medium: 0 cm to -15 cm and high: -15 cm 
to -30 cm (Fig. 2.2 and Plate 2.1) and the water level was maintained by an electric 
pump. These 20 species were sourced from a nursery in Guangdong and were chosen 
according to seedling availability. Each species was planted in plots with 3 replicates 
arranged in randomized blocks. Bare-root seedlings of 30 to 50 cm in shoot length 
were planted; seedlings of similar size were used for each species. Planting was 
completed at the end of May 2003，and the plants were allowed to acclimatize for a 




Six samplings (July, Sept and November 2003，January, March 2004 and June 
2004) were done in this experiment. For each sampling, 30 samples were collected 
alternately across the 60 plots from the surface 20 cm using 500 ml polyethylene 
bottles. The samples were stored at 4°C before physical and chemical analyses. 
.« J . ' . 
2.2.3.2 Soil 
Soils were sampled three times (November 2003, April and Sept 2004). Within 
each plot, 30 samples were collected randomly by means of a 5 cm PVC soil core in 
each of the submergence levels. The samples were stored in a cold room at 4°C 
before air-drying. 
2.2.3.3 Plants 
The plants were harvested three times (November 2003, April and Sept 2004) 
during the course of the experiment. For each harvest, the aboveground biomass in 
each of the 60 plots was collected from a 25 x 25 cm quadrat at randomly selected 
locations for the 3 submergence levels. 
2.2.4 Analysis 
2.2.4.1 Water 
The water samples collected were transferred back to the laboratory for analysis. 
pH and conductivity were measured by a pH and a conductivity meter (Jenway 4330 
pH and electrical conductivity meter, Essex, England). Salinity was measured by an 
Orion model 142 conductivity/salinity/temperature meter. Chemical oxygen demand 
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(COD) was measured by closed reflux colorimetric method (Hach COD reactor 
model 45600 and spectrophotometer DR/2010) and total suspended solids (TSS) 
were determined by standard methods (APHA, 1995). 
Table 2.1 List of the 20 species of freshwater emergents planted in the plot trials at 
the Mai Po Marshes Nature Reserve. 
Chinese name Family 
1 Alpinia speciosa ffi山薑 Zingiberaceae 襲荷科 
2 Commelina diffusa fe祐‘草 Commelinaceae 鴨妬草科 
3 Cyperus alternifolius 風車草 Cyperaceae 莎草科 
4 Cyperus malaccensis 汪主 Cyperaceae 莎草禾斗 
5 Eleocharis dulcis 荸薺 Cyperaceae 莎草科 
6 Eleocharis tetraquetra 育直師草 Cyperaceae 莎草禾斗 
7 Eragrostis atrovirens 卡氏畫眉草 Gramineae 禾本禾斗 
8 Fimbristylis complanata 扁鞘飄拂草 Cyperaceae 莎草科 
9 Fimbristylis subbispicata 雙穗飄拂草 Cyperaceae 莎草科 
10 Fuirena umbellata 芙蘭草 Cyperaceae 莎草禾斗 
11 Juncus effusus 燈心草 Juncaceae 燈心草科 
12 Leersia hexandra 蓉草(李氏草) Gramineae 禾本科 
13 Lepironia articulata 琴慶草 Cyperaceae 莎草科 
14 Panicum repens Gramineae ^ ^ ^ 
15 Paspalum distichum 雙穗雀稗 Gramineae 禾本禾斗 
16 Phragmites australis 蘆葦 Gramineae 禾本科 
17 Polygonum barbatum 毛蓼 Polygonaceae 蓼禾斗 
18 Sagittaria trifolia 慈链 Alismataceae 澤、蕩科 
19 Scirpus littoralis 鑽荀蔗草 Cyperaceae 莎草科 
20 Scirpus mucronatus 水毛花 Cyperaceae 莎草科 
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(b) 
Fig. 2.2 Design and arrangement of the trial plots (a) Changes in the water level of 
an inclined plot; (b) The planting pattern of the 100 seedlings in each of the 
60 plots. 
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(a) (b) 
Plate 2.1 Experimental plots before (a) and after (b) planting of freshwater emergents. 
Water samples were filtered by 0.45 jim Millipore nitrocellulose filter membrane 
for the determination of nutrient contents. The concentrations of nitrate (NO3-N), 
nitrite (NO2-N) were determined by the cadmium reduction method using a Skalar 
automated ion analyzer (AIA) (Skalar, Breda, The Netherlands). The concentration 
of ammoniacal nitrogen (NHx-N,) was determined by the Berthelot method and 
orthophosphate phosphorus (PO4-P) was determined by the ascorbic acid method. 
Total nitrogen (TN) and total phosphorus (TP) contents were determined by Kjeldahl 
digestion (APHA, 1995) followed by analysis using the Berthelot method and the 
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ascorbic acid method respectively. All analyses were completed within one week 
after sampling. 
2.2.4.2 Soil < ; ' ; : , ,� : : 
• ' . 
The air-dried soil samples were sieved in the mesh size of 2 mm before analysis. 
pH, conductivity and salinity were measured after soil water extraction (Soil and 
Plant Analysis Council, 2000), and soil texture was determined by the Bouyoucos 
hydrometer method (Grimshaw, 1989). The concentrations of available nutrients in 
soil, including nitrate nitrogen (NO3-N), nitrite nitrogen (NO2-N), ammoniacal 
nitrogen (NH4-N) and orthophosphate phosphorus (PO4-P) were determined by the 
AIA after soil extraction with Mehlich No.l solution (0.05 N HCl in 0.025 N H2SO4) 
using the cadmium reduction method, the Berthelot method and ascorbic acid 
method respectively. Total nitrogen (TN) and total phosphorus contents were 
determined after Kjeldahl digestion (APHA, 1995) followed by analysis using AIA 
based on the Berthelot method and ascorbic acid method respectively. 
2.2.4.3 Plants 
The harvested samples were oven-dried in 70�C for over 72 hours until reaching 
constant weight to obtain their individual dry-weight biomass. The dried samples 
were then ground to powdery form using an electrical blender. Sample of 0.1 g was 
used to determine the contents of total nitrogen (TN) and total phosphorus (TP) in 
the plant tissues after semi-micro Kjeldahl digestion (Skalar，1995), which was 
analysed using an AIA by the, Berthelot method and ascorbic acid method 
• .• / I 
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respectively. 
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2.2.5 Statistical analysis 
Spatial (among different submergence levels) variations and variations between 
different species for the various parameters were determined by one-way analysis of 
variation (ANOVA). Tukey's honestly significant difference (HSD) test at = 0.05 
was used for the calculation of least significant difference (LSD) between 
submergence levels. All data were analysed by SPSS (Statistical Package for Social 
Science) version 11.0. :: 
.‘•• ... ， •• 
2.3 Results and Discussion 
2.3.1 Water quality in the trial plots at the Mai Po Marshes Nature Reserve 
Chemical properties and the concentration of nutrients of the water samples 
collected from the 60 plots in the Mai Po Marshes Nature Reserve from July 2003 to 
June 2004 are shown in Figs. 2.3 and 2.4. The pH of the water samples was slightly 
alkaline, varied from 7.03 to 7.95，which was lower than the pH in the water of 
wetland enclosures {gei wais) in the Mai Po Marshes in 1999 (Lau, 2000). The lower 
salinity in the summer of 2003 was due to the high rainfall from July to Sept 2003. 
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Fig. 2.3 Chemical properties of water sampled from the inclined trial plots at the Mai Po 
Marshes Nature Reserve from July 2003 to June 2004 (error bars represent SD of 
30 replicates; only the upper half of the error bars are shown). 
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Fig. 2.3 (cont'd) Chemical properties of water sampled from the inclined trial plots at 
the Mai Po Marshes Nature Reserve from July 2003 to June 2004 (error bars 
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Fig. 2.4 Concentrations of nitrogen and phosphorus of water sampled from inclined trial 
plots at the Mai Po Marshes Nature Reserve from July 2003 to June 2004 (error 
bars represent SD of 30 replicates; only the upper half of the error bars are 
shown). 
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There was an increasing trend of salinity and conductivity from July 2003 to Jan 
2004, and a decreasing trend of salinity and conductivity from Jan 2004 to the end of 
the experiment. It was because the rainfall declined greatly in dry season starting 
from Oct 2003. Typhoon Dujuan which skirted Hong Kong and brought total rainfall 
of 394 mm in Sept (Hong Kong Observatory, 2003) had further reduced the salinity 
In. . , . ‘ • • 
and conductivity as it caused freshwater influx to the pond and also the nearby gei 
wais. There was a great decrease in COD from Sept to Nov 2003, while a remarkable 
increase in Mar 2004. The higher COD in Sept 2003 may be because of silting 
induced by the considerable freshwater influx due to the heavy rain in Sept. The 
remarkable increase in Mar 2004 may be due to the spring flush in wet season as it 
was reported that the monthly rainfall doubled from 51 to 104 mm from Jan to Mar 
2004 (Hong Kong Observatory, 2004). Starting from Nov 2003, the water became 
more turbid as indicated by the higher level of total suspended solids (TSS)，which 
ranged from 132 mg/L to 241 mg/L. This could be attributed to siltation brought 
about by the heavy rain associated with the typhoon in Sept 2003. The concentrations 
of nitrate nitrogen (NO3-N), nitrite nitrogen (NO2-N) and orthophosphate phosphorus 
(PO4-P) in all of the water samples and the ammoniacal nitrogen (NHx-N) in the 
water sampled in Nov 2003 and Jan 2004 were so low that they were not detectable 
(The detection limit of NO3-N，NO2-N，NHx-N and PO4-P were 0.08，0.08，0.02 and 
0.09 mg/L respectively), which reveal that there was no problem of eutrophication in 
the plots. It was reported that the mean concentrations of NO3-N, NO2-N and PO4-P 
in the water sampled from six sites at the Mai Po Marshes Nature Reserve was 1.35, 
1.24 and 1.15 mg/L respectively (Lau, 1999). The lower concentrations of these 
nutrients showed that the problem of eutrophication in the Mai Po Marshes Nature 
- 、 ‘ . ‘ I 
Reserve was mostly improved compared with the year of 1995. The concentration of 
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total nitrogen (TN) and total phosphorus varied from 0.2 mg/L to 1.66 mg/L and 0.05 
mg/L to 0.22 mg/L respectively, lower than that reported in the study (Lau, 1999). 
However, high concentration of TN but low concentration ofNHx-N in Jan 2004 was 
recorded. This reflected that there was higher level of N existed in organic from. It 
was probably attributed to the dry weather in Jan 2004 that reduced the non-point 
source pollution and thus less mineral NH4+ was carried by river water to the trial 
plots. Similar trend of variation was obtained by Kim et al (1997) at the central area 
I 
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of Hiroshima Bay, Japan that NH4 content in water was lower during fall and winter. 
2.3.2 Soil properties in plots under different levels of submergence at the Mai Po 
Marshes Nature Reserve 
Chemical properties and nutrient contents in soil samples collected from the 60 
plots at different levels of submergence in the Mai Po Marshes Nature Reserve from 
Nov 2003 to Sept 2004 are shown in Figs. 2.5 and 2.6. The soil was clay soil 
(USDA-NRCS, 1998) which contained 17.7% sand and high level of silt (27.8%) 
and clay (54.5%). The soil samples were acidic, having soil pH values from 4.70 to 
5.37. It was more acidic than the soils sampled in the Mai Po Marshes Nature 
Reserve in 1994 (Ye, 1998) and 1996 (Lau, 2000). Soil pH was significantly higher 
at higher level of submergence (i.e. -15 cm to -30 cm) {p < 0.05) in Nov 2003, and 
also for the average soil pH from Nov 2003 to Sept 2004 (p < 0.001). Similar trend 
of pH variation was obtained by Ye (1998); the pH of the Mai Po substratum 
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Fig. 2.5 Chemical properties of soil sampled from the inclined trial plots with different 
levels of submergence (low, medium and high) at the Mai Po Marshes Nature 
Reserve from Nov 2003 to Sept 2004. Values within the sampling date followed 
by the same letter do not differ significantly at 5% level according to the Tukey's 
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Fig. 2.6 Concentration of nitrogen and phosphorus in soil sampled from the inclined trial 
plots with different levels of submergence (low, medium and high) at the Mai Po 
Marshes Nature Reserve from Nov 2003 to Sept 2004. Values within the 
sampling date followed by the same letter do not differ significantly at 5% level 
according to the Tukey's HSD test (error bars represent SD of 30 replicates). 
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Fig. 2.6 (cont'd) Concentration of nitrogen and phosphorus in soil sampled from the 
inclined trial plots with different levels of submergence (low, medium and 
high) at the Mai Po Marshes Nature Reserve from Nov 2003 to Sept 2004. 
Values within the sampling date followed by the same letter do not differ 
significantly at 5% level according to the Tukey's HSD test (error bars 
represent SD of 30 replicates). 
The overall effect of higher submergence levels was a drop of pH in alkaline soil and 
an increase of pH in acid soils (Faulkner and Richardson, 1989; Alloway, 1995). 
Besides, waterlogged soil having an initial pH above 7.4 showed a decrease in pH 
while those with initial pH below l A increased (Etherington, 1976). 
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Water level associated with redox potential (Eh) of soil, which is a measure of its 
tendency to accept or donate electrons and is governed by the nature and proportion 
of the oxidizing and reducing substances in the soil (Armstrong, 1976). A positive Eh 
indicates an environment with more oxygen that favours oxidation, while a negative 
Eh indicates a reducing environment that favours reduction (Bohrerova et al, 2004). 
Reducing reactions consume protons (Vepraskas and Faulkner, 2001) which enhance 
the reduction of sulphate to hydrogen sulphide (Feng and Hsieh, 1998) and the 
reduction of ferric iron (III) hydroxide (Fe(0H)3) to more basic iron (II) hydroxide 
(Fe(OH)2) (Greene, 1963). Oxygen concentration decreases with increasing 
submergence because of poor drainage and aeration. There is more oxygen available 
in soil with lower level of submergence thus more oxidizing and having a higher Eh. 
Moreover, level of submergence affects the temperature fluctuation in soil as 
indicated by the greater fluctuation in soil temperature at the 20-cm water depth 
compared with the 50-cm water depth (Seybold et al, 2002). Temperature governs 
the types and rates of chemical reactions that occur in soil and strongly influences 
biological activities and thus, redox conditions. At higher level of submergence, the 
heat capacity of water is greater than that of soil thus insulating the soil against rapid 
•I. • .1 , 
temperature change. A more active microbial community occurred at the soil with 
higher level of submergence while less temperature fluctuation, and thus more 
reduction of S04^" to H2S and (Fe(0H)3) to (Fe(0H)2) occurred. 
Soil pH depends on the presence of hydrogen ions in the interstitial water of the 
soil (Etherington, 1996)，which is related to the soil Eh. As hydrogen ions are 
consumed in reduction reaction, the pH of soil tends to increase with reduction, but 
decrease with oxidation (van Breemen, 1987; Dragun, 1993; Yli et al” 1999). It is 
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reported that the Eh value decreased with submergence level and was in a highly 
reduced state (< -150 mV) at the 50-cm-depth while pH increased from 5.4 to 5.8 
under anoxic condition (Seybold et al, 2002). 
In the present experiment, the salinity and conductivity in the soil decreased 
significantly {p < 0.05) with the level of submergence. Similar trends of variation of 
soil salinity and conductivity were obtained by Neill (1993), the salinity and thus the 
conductivity of soil at 15 cm depth was 4 to 8 dS m'^  lower in flooded marsh 
compared with nonflooded marsh. This is probably attributed to the higher rate of 
evaporation at the surface soil where salts are more concentrated (Thompson and 
Bell, 2001). 
For the nutrient contents in the soil, all the soil sampled from the inclined trial 
plots had low levels of NO3-N and NO2-N (< 0.08 mg/kg). It was due to the low 
concentrations of NO3-N and NO2-N in water in the trial area. Soil in wetland is 
waterlogged and reduced. NO3-N in soil is transformed into NO2-N by denitrification 
(Cronk and Fennessy, 2001)，then to nitrogen oxides (N2O) and ultimately to 
nitrogen gas (N2). Besides, in nitrate ammonification, with the action of nitrate 
ammonifying bacteria, NO3-N is reduced to NH4-N. The contents of TN and NH4-N 
in soil were significantly higher (p < 0.001) in high level of submergence from Nov 
I • ！ 
2003 to Sept 2004. More silt, plant litter and organic matters would be carried from 
soil with lower submergence to that with higher submergence by sedimentation. This 
explains the significantly higher level of TN (p < 0.001) with submergence. 
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The concentration of PO4-P was significantly higher {p < 0.001) in soil with 
greater submergence in Sept 2004, and the concentration of significantly higher TP 
in highly submerged soil was also observed (p < 0.001) in all of the three samplings. 
These results were in agreement with Venterink et al. (2002), who found that dryness 
in wetlands reduced P availability, as a result of Fe-P complexing (Patrick and 
Khalid, 1974; Richardson and Marshall, 1986). Besides, the decrease in Eh along 
I 
with submergence level caused a dissolution of Fe2(0H) as Fe，with concomitant 
PO4-P release (Golterman, 1998). Mineralization of organic PO4-P increased under 
anoxic circumstances (Golterman, 1998), which was another possible mechanism 
that releases PO4-P. Moreover, similar to the variation in soil TN and NH4-N 
contents, the significant higher content of TP in soil could be explained by 
\ 
sedimentation occurred in soil with high submergence. 
2.3.3 Growth of freshwater emergents under different submergence levels 
2.3.3.1 Aboveground biomass 
The growth of 20 species of freshwater emergents was assessed. The species 
showed significant difference (p < 0.05) in biomass in all harvests. However, there 
was no interaction between submergence levels and species (p > 0.05) (Table 2.2). In 
the first harvest (Nov 2003), 4 species died, including Alpinia speciosa, Eleocharis 
tetraquetra, Fimbristylis complanata and Polygonum barbatum (Fig. 2.7). Three 
more species died before the second harvest (Apr 2004)，including Eleocharis dulcis, 
Sagittaria trifolia and Scirpus mucronatus (Fig. 2.7). The results were similar to 
those in the trial done by the TDD (2000) which found that Alpinia speciosa and 
Sagitaria trifolia died (6 months after the planting). In the third harvest (Sept 2004)， 
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an additional 5 species died, including Commelina diffusa, Eragrostis atrovirens, 
Fimbristylis subbispicata, Fuirena umbellata and Lepironia articulata (Fig. 2.7). 
» . . -
Table 2.2 ANOVA table for biomass freshwater emergents grown under different 
levels of submergence in (a) Nov 2003，(b) Apr 2004 and (c) Sept 2004. 
(a) Source of variation df F ratio P 
Species 15 ^ 0.004 
Treatment 2 1.72 0.184 
Species x treatment 30 1.07 0.400 
Residual 62 
Total 100 
(b) Source of variation df F ratio P 
Species 12 2M 0.007 
Treatment 2 0.077 0.926 
Species x treatment 24 1.41 0.177 
Residual . , � 34 
Total . 58 
(c) Source of variation df F ratio P 
Species 5 \2A <0.001 
Treatment 2 1.31 0.284 
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At the end of the experimental period on Sept 2004，S. trifolia showed the smallest 
total biomass, 3.14 g/m^ at the medium level of submergence and 123 g/m^ at the 
high level of submergence, while Phragmites australis showed the greatest total 
biomass, > 2,100 g/m^ at various levels of submergence. E. dulcis (water chestnut 
and S. trifolia (arrowhead) are common agricultural crops in China and other 
countries in South East Asia. The early mortality of these two species in this 
experiment showed some atypical results. The common method of planting E, dulcis 
and S. trifolia is vegetative propagation using tubers and corms that bear a terminal 
shoot develops at the apex (Nash and Thomas, 2003). The mortality may be 
attributed to the unhealthy tubers and corms used in planting. Besides, the 
establishment of these two species may be affected by the planting depth. The 
suitable planting depth of E. dulcis and S. trifolia is fairly deep, up to 12 cm - 30 cm 
(Stephens, 1994; Institute of Food and Agriculture Science, 2002) to ensure the 
plants are firmly anchored in soil. Special procedures were suggested in planting E. 
dulcis. After planting, the plot should be flooded and kept submerged for a day. Then 
the water is allowed to drain naturally to settle the soil and establish the young plants. 
The area should be flooded again for the remainder of the growing season when the 
plants are about 30 cm tall (Stephen, 1994). Furthermore, there may be diseases 
affecting the growth of these species. It was reported that in Taiwan, Alter aria 
alternate and Sclerotium rolfsii caused stem blight in E. dulcis and sclerotium rot in 
S. trifolia, which may induce mortality of these species (Tsay et al, 1994). Therefore, 
it is necessary to plant the species in their suitable planting depth, and pay attention 
to the health conditions of tubers and corms, and the spread of plant diseases. 
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For all the 20 species, there was no significant difference {p > 0.05) in biomass 
between submergence levels in each harvest and the total biomass (from Nov 2003 -
Sept 2004) (Fig. 2.7). This implies that submergence did not affect the biomass of all 
species in the present experiment. In the study done by Lenssen et al. (1999)，the 
results showed that the biomass of 12 species of freshwater emergents including P. 
austral is was not significantly affected by higher water level. There were only 3 
species survived in all the three levels of submergence in the final harvest; they were 
Cyperus malaccensis, Paspalum distichum and P. austral is (Fig. 2.7). It was reported 
that the shoot and root dry weights of P. australis seedlings did not differ 
significantly in flooded and dry conditions when grown in the Mai Po substratum 
(Ye et al., 1998). P. australis"adapts to flooding or anoxic conditions by its stalk 
either intact or broken off above water to assist ventilation of its underground parts 
by the 'Ventura effect' in which wind blowing across the cut end of the stalk creates 
a pressure gradient (Armstrong et al, 1992). In the first harvest (Nov 2003), all F. 
umbellata died at high level of submergence. Cyperus alternifolius, E. atrovirens, F. 
subbispicata’ Leersia hexandra and L articulata died at high level of submergence 
in the second harvest (Apr 2004) (Fig 2.7). On the other hand, the low level of 
submergence seemed not suitable to Scirpus littoralis in Sept 2004 (Fig 2.7). Scirpus 
species are often restricted to softer substrate with higher level of submergence 
(Sorrell et al” 2002). As the soil salinity increased significantly with higher 
submergence level, this reflected that S. littoralis may probably be sensitive to 
salinity that they did not grow well under higher salinity. It was in agreement with 
the results demonstrated by Watt et al. (2006) that S. littoralis showed poor 
performance of <1% mean coverage in the shallow brackish marsh of the Alt 
Emporda (Mediterranean) wetlands. Some species could not survive under extreme 
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levels of submergence. In the third harvest (Sept 2004)，Juncus effusus, L hexandra 
and Panicum repens died at both low and high levels of submergence. In the 
.'«J.' 
recommendation list of water depths tolerated by emergents done by Hammer (1997), 
Juncus effusus, species of the genera Leersia and Panicum {Leersia oryzoides and 
Panicum hemitomon) were considered tolerant to seasonal or permanent flooding to 
15 cm. However, J. effusus exhibits high cover across a wide range of water depth in 
temperate wetlands in North American. It often increases with disturbance such as 
hydrologic modification, grazing, road run-off and nutrient loading, and is capable of 
spreading rapidly once established (Morrison and Molofsky, 1998; Wetzel and van 
der Valk, 1998). This implies that the growth performance of J. effusus may be 
affected by the climatic factors such as air and water temperatures, direction and 
velocity of prevailing wind speed,, regional and local relative humidity and radiation 
• rv"’ ； r‘ I ‘ 
in regions of different climates (Hammer, 1997). 
However, it was noticed that the biomass of the freshwater emergents varies with 
the plant growth cycle. The wetland plants were harvested at the end of their 
flowering period (Nov 2003), after the dieback in winter (Apr 2004) and during the 
flowering period (Sept 2004) in this experiment. In addition, the biomass of the 
freshwater emergents was affected by other environmental factors. The high rainfall 
in the summer of 2003 had caused water level fluctuation to the emergents. 
Moreover, typhoon Dujuan skirted Hong Kong in Sept 2003 and caused damage to 
the plants during the period of establishment. Moreover, in the second harvest, there 
were problems of Pomacea canaliculata (apple snail) and the weed Mikania 
micrantha. However, the snail and weed were removed by hand, and the problems 
seemed to be ameliorated. 
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A number of studies suggest that water regime and depth can influence 
interactions between species through differential responses of biomass allocation and 
plant architecture (Coops et al, 1996; Smith and Brock, 1996; Insausti et al, 1999). 
Many wetland plants tolerate submergence by morphological adaptations, such as 
'> • � . . . . . I : .! 
aerenchyma, adventitious roots, and elongated shoot intemodes, or by relying on 
energy stored in rhizomes (Miller and Zedler, 2003). For example, proportions of 
plant components such as shoot, inflorescence, rhizome, root and corm in the total 
plant biomass were measured to estimate the adaptable morphology of wetland plants 
(Sun et al.’ 2002). The allocation of shoot biomass is the most commonly reported 
changes in growth strategy of emergents in response to different water depths (Grace, 
1989; Clevering and Hundschneid, 1998). Therefore, it is worth to determine the 
belowground biomass production in future investigation so as to evaluate the 
influence of submergence on biomass allocation of the emergents. 
；.-
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C. malaccensis, P. distichum 'and P. australis survived in all the three levels of 
submergence in the final harvest. These three species also had greater accumulative 
biomass from Nov 2003 to Sept 2004. The lack of significant relationship between 
emergent aboveground biomass production and the level of submergence in the 
current experiment implies that these three emergent species seem adaptive to and 
not affected by the level of submergence and salinity which was also related to the 
submergence level. Nevertheless, the fast-growing species P. australis is usually the 
dominant species which displaces other plants because it grows and spreads rapidly, 
shades other plants, and accumulates a large amount of litter that covers and shades 
the substrate (Cronk and Fennessy, 2001). Moreover, dense monotypic stands of P. 
\ 
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australis provide less-preferred food and habitat and thus are not suitable for 
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waterfowl and other wildlife (Roman et al, 1984; Thompson and Shay, 1989; 
Chambers et al, 1999). Therefore, in order to sustain the biodiversity, C. 
malaccensis, P. distichum are relatively more suitable for wetland enhancement, 
restoration and creation in the purpose of wetland conservation. 
2.3.3.2 Plant nutrient concentrations 
N is the most important macronutrients principally required for the synthesis of 
！: V .... . 
proteins (both structural and enzymatic proteins), metabolic intermediates, 
components of cellular structures and storages including carbohydrates, fats and 
pigments (Lawlor et al.’ 2001). Thus, the production of biomass, and also the 
development of organs and structures are greatly influenced by N availability 
(Sinclair and Horie, 1989; Greenwood et al., 1991; Lemaire et al, 1992). Contents of 
TN of the plants were chosen to be measured because contents of a-amino nitrogen 
and nitrate were considered more sensitive but less reliable due to their greater 
variability (Greenwood, 1976; Renter and Robinson, 1997). Some species showed 
significant difference in the N contents in their aboveground biomass. In the first 
harvest (Nov 2003)，Cyperus alternifolius and Leersia hexandra (Fig. 2.8) showed 
..I. •. • 
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significantly higher {p < 0.05) N contents in their tissues in the high level of 
submergence. 
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medium and high) from Nov 2003 to Sept 2004 (error bars represent SD of 3 replicates). 
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In the second harvest (Apr 2004)，Juncus effusus (Fig. 2.8) in the medium level of 
submergence showed significantly higher {p < 0.05) tissues N content. However, the 
biomass of C. alternifolius, L. hexandra and J. effusus did not have any significant 
difference (p > 0.05) in the first, second, third harvest and the total biomass of the 
three harvests. It showed that the N allocation to aboveground biomass of the species 
C. alternifolius, L hexandra and J. effusus were affected by submergence. The 
significant high N contents in C. alternifolius and L hexandra in the first harvest 
(Nov 2003) may be due to the significantly high concentrations of TN and NH4-N in 
the soil under high level of submergence (Fig. 2.6). Besides, soil salinity decreased 
significantly {p < 0.05), this reflected that the allocation of N to C, alternifolius and L. 
hexandra may be related to soil salinity. 
: ' I J ••‘...‘’ 
Phosphorus (P) is another important macronutrient for plant growth and 
metabolism. It plays key roles in many plant processes such as the synthesis of 
nucleic acids and phospholipids of membranes, transportation of cellular energy via 
adenosine triphosphate (ATP), photosynthesis, respiration and enzyme regulation 
(Raghothama, 1999). Contents of total phosphorus (TP) of plants were measured 
because the concentration of inorganic orthophosphorus in young leaves fell rapidly 
with age, while that of TP in the same leaves remained stable. In addition, variation 
for inorganic orthophosphorus concentrations in leaves also tended to be larger than 
those for TP (Lewis, 1992). 
- • ‘ ‘ . , 
C. alternifolius showed a significantly higher {p < 0.05) P content in plant tissues 
in the medium and high levels of submergence in Nov 2003 (Fig. 2.9). 
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Fig. 2.9 P content of the 20 species of freshwater emergents grown under different levels of submergence (low, 
medium and high) from Nov 2003 to Sept 2004 (error bars represent SD of 3 replicates). 
69 
Nevertheless, J. effusus and P. distichum showed significantly higher {p < 0.05) P 
content in plant tissues in the medium level of submergence in the second (Apr 2004) 
and third harvests (Sept 2004) (Fig. 2.9) respectively. Similarly, as there were no 
significant differences {p < 0.05) in biomass in the three harvests and total biomass 
of the three harvests. Submergence also led to the increase in the P distribution to 
aboveground biomass of J. effusus and P. distichum. The significantly lower (p < 
0.05) P content in aboveground plant tissues of P. distichum may be affected by the 
I 
significantly lower {p < 0.05) soil P concentration under the lower submergence level. 
At lower external P concentrations, roots were a strong sink for P and photosynthate, 
the root systems being expended at the expenses of shoots (Reuter and Robinson, 
1997). 
The results showed that N and P contents in plant tissues of most of the species 
did not differ significantly under the effect of submergence. This reveals that 
submergence may not have impact on their nutrient allocation ability. However, C. 
alternifolius showed significantly higher N and P contents under the high level of 
1 , i.i、，, 
submergence in Nov 2003, and J. effusus showed significantly higher N and P 
contents under the medium level of submergence in Apr 2004. This was in 
agreement with Robson and Pitman (1983) who found that the internal requirement 
for nutrients and thus the assimilation of the nutrients in plants varied with the supply 
of other nutrients. N delays the senescence of old leaves, hence maintaining the 
concentrations of other nutrients such as Cu and P in shoots (Reuter and Robinson, 
1997). As there was a lack of significant effect of submergence on their aboveground 
biomass, C. alternifolius and J. effusus may re-allocate their N and P contents in 
order to adapt to submergence. Flooding reduced energy production in roots which 
J 
J ( I t • 
.!,丨. 70 
I 
consequently reduced the plants' capability to take up and transport nutrients (Schat, 
1984). Hordeum vulgare (barley grass) could adjust P acquisition in order to match 
their requirements (Chapin and Bielesky, 1982) under waterlogging. Besides, 
anaerobiosis decreased root-shoot ratio of Oryza sativa (rice) but did not affect the P 
absorption capacity of roots (John et al., 1974). It is necessary to determine the 
belowground nutrient contents so as to find out the impact of submergence on 
nutrient allocation and thus the growth performance of the emergent species. 
Belowground biomass should also be examined in order to evaluate the alterations in 
nutrient uptake under the effect of submergence. 
2.3.3.3 Plant nutrient yields 
Gusewell et al. (2003) reported that emergent species with larger shoot biomass 
had a lower N content, which was a consequence of dilution effect accompanied by 
the increase in plant biomass. Therefore, in the present experiment, the amount and 
efficiency of nutrients accumulated in the aboveground biomass were compared in 
terms of nutrient uptake yield (i.e. aboveground biomass per m x nutrient 
concentration). For all the 20 species, there was no significant difference {p > 0.05) 
in the N yield between submergence levels. The N yield of Phragmites australis was 
the greatest in low and high levels of submergence in Nov 2003, in the low and 
medium levels of submergence in Apr 2004, and all the levels of submergence in 
Sept 2004 (Fig 2.10). The total N yield of P. australis was also the greatest in all the 
levels of submergence (Fig. 2.10). P. australis tolerates a wide range of submergence 
(Shay and Shay, 1986; Cook, 1996; Wijte and Gallegher, 1996). Besides, it is a 
highly productive species that often dominates the outer border towards open water 
(Wallsten, 1981; Weisner, 1991; Weisner et al., 1993). 
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Fig. 2.10 N yield of the 20 species of freshwater emergents grown under different levels of 
submergence (low, medium and high) from Nov 2003 to Sept 2004. Values within the 
sampling date followed by the same letter do not differ significantly at 5% level according 
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Therefore, P. australis was widely be reported as an invasive species and thus a 
threat to marsh construction, wetland restoration (Cronk and Fennessy, 2001) and 
agriculture. In Nov 2003，the N,yield of Leersia hexandra was the greatest in the 
medium level of submergence while that of Scirpus littoralis (Fig. 2.10) was the 
greatest in the high level of submergence in Apr 2004. Scirpus has rapid nutrient 
uptake and tends to have a high peak biomass in the growing season (Cronk and 
Fennessy, 2001). The remarkable productivity of Scirpus has been attributed to its 
leafless stems which being better able to withstand wave action (Hutchinson, 1975). 
The P yield measured in Nov 2003 and thus the total P yield from Nov 2003 to 
Sept 2004 of Scirpus mucronatus increased significantly {p < 0.05) in the high level 
of submergence i (Fig 2.11). It may be due to the significantly higher {p < 0.05) soil 
TP content in Nov 2003. Lee et al. '(1996) studied the relationship between changes 
in polyamine biosynthesis and the shoot elongation of S. mucronatus which was 
enhanced by submergence and found that arginine decarboxylase (ADC)- and 
ornithine decarboxylase (ODC)-mediated putrecine (a polyamine) synthesis are 
essential for the elongation. In Nov 2003, the P yield of L. hexandra was the greatest 
in both the low and medium levels of submergence. Panichum repens showed the 
greatest P yield in the high level of submergence (Fig. 2.11). This species can adapt 
to wet soils and has become an invasive species in wetlands in the southeastern states 
in the U.S. (McCann et al” 1996). P. australis showed the greatest P yield in the low 
level of submergence in Apr 2004, Sept 2004 and from Nov 2003 to Sept 2004 (Fig. 
2.11). ’ 
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Fig. 2.11 P yield of the 20 species of freshwater emergents grown under different levels of 
submergence (low, medium' and high) from Nov 2003 to Sept 2004. Values within the 
sampling date followed by the same letter do not differ significantly at 5% level according 
to the Tukey's HSD test (error bars represent SD of 3 replicates). 
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Paspalum distichum showed the greatest P yield in high level of submergence in Apr 
2004 while it showed the greatest P yield and total P yield in the medium and high 
levels of submergence in Sept 2004 and the total yield from Nov 2003 to Sept 2004 
(Fig. 2.11). P. distichum is commonly found in shallow water and is considered a 
weed of paddy fields (Hodgkiss, 1978). Therefore, it may threaten wetland creation 
and agricultural activities. The nutrient yields of most of the species tested were not 
influenced by submergence. This implies that most of the species can maintain stable 
• i • ' k t" ‘ 
efficiency in the use of macronutrients including N and P in the wetland creation 
activities under different levels of submergence and salinity. 
Comparing the accumulative nutrient yields of the emergents, P. australis had the 
most remarkable N and P yields in the study. This reveals that P. australis has the 
highest efficiency of the use of nutrients. P. australis is also commonly vegetated in 
the wastewater treatment wetlands including surface flow marshes and vegetated 
subsurface flow beds in Europe (Cronk and Fennessy, 2001) and it is a recommended 
species for treating high-nutrient load wastewater (Natural Resources Conservation 
Service, 1991). The nutrients can be removed by harvesting the highly productive P, 
australis. J. effusus showed higher accumulation of both N and P than those of 
Scirpus spp. in the growing season in riparian wetlands in U.S. (Kao et al, 2003). 
This disagreement with the current study may be due to climatic factors. 
There are other parameters that can be measured for the investigation of 
emergent growth in different levels of submergence such as different levels of 
submergence affect plant establishment from the seed bank by stimulating or 
inhibiting germination (Brock and Britton, 1995). Hence, seed bank material was 
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often measured as a starting point for the examination of plant community responses 
to water level because the species representation in each seed bank was well-known 
(Britton and Brock, 1994; Casanova and Brock, 2000). However, the present study 
focuses individual plant growth instead of species richness in a wetland was assessed 
in the present experiment. In addition, species like Sagittaria trifolia relies on 
vegetative propagules for reproduction or regeneration, so it is not necessary to 
collect seed bank material in the present experiment. Wetland plants adapt different 
levels of submergence by their oxygen transport physiology (Brix et al.’ 1992; 
Tombjerg et al., 1994) and hypoxia tolerance (Crawford, 1992). Oxygen availability 
thus oxygen transport capacity are critical factors limiting the growth of wetland 
• I t 
plants (Brix et al.’ 1992)，which can be measured in term of the resistance to internal 
convective gas flow in culms. The rate of photosynthesis can be determined by 
measuring the isotopic composition of carbon and percentage of nitrogen of plant 
samples using mass spectrometry (Farquhar et al, 1989). 
2.4 Conclusions 
The water sampled from the plots in the Mai Po Marshes Nature Reserve was 
slightly alkaline with low concentrations of nutrients including NO3-N, NO2-N, NHx-
N，TN, PO4-P and TP. These results reveal that there was no problem of 
eutrophication in the plots. The level of submergence influenced the soil properties 
such as pH, salinity, conductivity, concentrations of NH4-N, TN, PO4-P and TP. C. 
malaccensis, P. distichum and P. australis were the species that survived at the end 
of the experiment. The significantly lower aboveground biomass production of S. 
littoralis under the lower level of submergence may be due to the effect of higher 
salinity. 
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C. malaccensis and P. distichum are recommended for wetland enhancement, 
restoration and creation for the purpose of wetland conservation since they produced 
considerable aboveground biomass. Besides, P. australis is confirmed for its value 
for N and P removal in treatment wetlands (reedbeds) for wastewater purification 
because of its efficiency in the use of the nutrients as reflected by highest 
accumulative N and P yields. 
. \ ； i... .. 
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Chapter 3 Growth performance of selected species of freshwater 
emergents under different levels of submergence in a 
created wetland 
3.1 Introduction 
Wetlands have numerous functional values to human society including life 
support, hydrologic buffering,' water quality improvement, recreational and 
educational significance. However, there is great loss of natural wetlands due to 
urban development. Wetland creation is essential for compensatory mitigation of 
wetlands. There has been great interest in constructing wetlands for habit restoration 
or replacement, water quality enhancement, and coastal protection and restoration 
(Mitsch and Gosselink, 1993). In fact, constructed wetlands play an important role in 
the nutrients and heavy metal removal in domestic sewage, urban runoff and 
petroleum refinery effluent in countries such as the Netherlands, the UK, the US 
(Scholes et al,, 1998; Huddleston et al, 1999; Meuleman et al, 2002). Generally, 
creating a wetland in a formerly terrestrial environment will be much more 
.V .厂！. I 
complicated, much more expensive' and much less likely to succeed than 
enhancement or restoration of an existing wetland (Hammer, 1997). 
Wetland mitigation refers to the replacement of any wetlands lost in the urban 
development. In the past few years, there are some wetland mitigation projects in 
Hong Kong such as the Hong Kong Wetland Park, the Kam Tin Bypass, the West 
Rail Wetland Creation and the Lok Ma Chau Rail Station (Lau, 2004). The Hong 
Kong Wetland Park, located at the northern part of Tin Shui Wai in the New 
Territories. Tin Shui Wai has been developed since 1987. Four hundred and fifty 
f 
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hectares of fishponds were transformed into residential areas, with a population 
expanded over 300,000 in 2003. In 1998，the Agriculture, Fisheries and Conservation 
Department (AFCD) and the Hong Kong Tourism Board proposed a total area of 64 
hectares for the construction of the Hong Kong Wetland Park, which serves as the 
purposes of nature conservation, education and tourism, without weakening the 
function of wetland mitigation. Moreover, it compensates for the loss of 61 ha of 
freshwater habitat in Tin Shiu Wai. 
Artificial wetlands must be carefully planned, designed, constructed, and 
» 
monitored (Hammer, 1997). Water level management is often the only operation 
variable that can be utilized to influence wetland performance in terms of plant 
diversity and plant coverage (Beharrell, 2004). In the 40 mitigation projects in South 
Florida, 60% of the required areas of wetlands were judged to be incomplete or 
failures due to improper water level control (Erwin, 1991). Thus, proper management 
of water level is crucial in wetland construction. In Hong Kong and other southern 
China regions, there is a lack of information about the establishment of wetland 
plants especially freshwater emergents in created wetlands. Chapter 2 reported the 
effect of water levels on the growth and survival of some freshwater emergents 
planted in a natural wetland. However, wetland mitigation is not wetland replication 
(Kusler and Kentula, 1990). Tlie growth performance of those selected species in a 
wetland may not be identical to that in another wetland. Therefore, it is worthwhile 
to study the growth of freshwater emergents in a created wetland. 
The present experiment aimed to determine the effect of water submergence 
levels on the growth of freshwater emergents and to study the difference in soil 
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properties under different water levels in created wetlands in the Hong Kong 
Wetland Park. The results would give more useful information on the selection of 
suitable species and management actions for wetland construction in Hong Kong and 
nearby regions. 
3.2 Materials and Methods 
3.2.1 Site description 
This experiment was done in the two freshwater marshes (FMl and FM2) in the 
Hong Kong Wetland Park at Tin Shui Wai, Hong Kong (22�29’ N, 114°02' E), which 
were located at the western part of the Hong Kong Wetland Park (Fig. 3.1, Plate 3.1), 
covering approximately 64 hectares. The main source of water in the two freshwater 
marshes was rainwater and storm water collected from Tin Shui Wai. The water 
levels of FMl and FM2 were monitored and kept by electric pumps. 
3.2.2 Planting 
Twenty-five species of freshwater emergent (Table 3.1) were planted by the 
AFCD in FMl and FM2. These 25 species were sourced from a nursery in 
Guangdong and were chosen according to seedling availability and the decision of 
AFCD in maintaining the biodiversity of the wetland. Planting was completed in late 
2002. 




Two samplings (April and Sept 2004) were done in this experiment. For each 
sampling, 10 water samples were collected randomly at the top 20 cm in each of the 
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freshwater marshes (FMl and FM2) and kept in 500 ml polyethylene bottles. The 
samples were stored in an icebox at 4°C before physical and chemical analyses. 
Table 3.1 List of freshwater emergents planted in the freshwater marshes (FMl and 
FM2) at the Hong Kong Wetland Park at Tin Shui Wai, Hong Kong. 
Chinese name Family 
1 Alocasia macrorrhiza 海芋 Araceae 天南星禾斗 
2 Bacopa monnieri 假馬齒 Scrophulariaceae 玄參科 
3 Carex cruciata 十字苔草 Cyperaceae莎草禾斗 
4 Colocasia esculenta 芋 Araceae 天南星科 
5 Commelina diffusa 鴨妬草 Commelinaceae 鴨妬草科 
6 Cyperus malaccensis Cyperaceae 
7 Diplacrum caricinum 裂穎茅 Cyperaceae 莎草禾斗 
8 Eleocharis dulcis 荸薺 Cyperaceae 莎草科 
9 Eleocharis tetraquetra 育塞師草 Cyperaceae 莎草禾斗 
10 Eragrostis atrovirens 卡氏畫眉草 Gramineae 禾本科 
11 Fimbristylis complanata .扁鞘飄拂草 Cyperaceae 莎草禾斗 
12 Fimbristylis subbispicata 雙穗翻拂草 Cyperaceae 莎草科 
13 Juncus effusus 燈心草 Juncaceae燈心草禾斗 
14 Leersia hexandra 蓉草(李氏草) Gramineae 禾本科 
15 Lepironia articulata 肇慶草 Cyperaceae 莎草科 
16 Ludwigia adscendens 7j<.f| Onagraceae 才卯葉菜禾斗 
17 Panicum maximum 大黍 Gramineae 禾本禾斗 
18 Paspalum distichum 雙穗雀稗 Gramineae 禾本科 
19 Polygonum barbatum 毛蓼 Polygonaceae 蓼科 
20 Polygonum hydropiper 水蓼 Polygonaceae 蓼科 
21 Ranunculus scleratus 石育•药 Ranimculaceae 毛黃禾斗 
22 Rumex maritimus 假疲菜 Polygonaceae 蓼科 
23 Sagittaria trifolia M蔽 . . . Alismataceae 澤鶴科 
24 Scirpus littoralis 鑽荀蔬草 Cyperaceae 莎草科 
25 Vallisneria natans 苦草 Hydrocharitaceae 7jc鼈科 
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Fig. 3.1 Location of the freshwater marshes (FMl and FM2) at the Hong Kong 
Wetland Park at Tin Shui Wai，Hong Kong (AFCD, 2006). 
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Plate. 3.1 Freshwater marshes (a) FMl and (b) FM2 at the Hong Kong Wetland Park 
at Tin Shui Wai, Hong Kong. 
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3.2.3.2 Soil 
Two samplings (May and October 2004) were done in this experiment. Within 
each of the freshwater marshes (FMl and FM2), 10 soil samples were collected 
randomly in each of the water submergence level treatments by means of a 5 cm 
PVC soil core in each sampling. The samples were stored in cold room at 4°C before 
air-drying. 
3.2.3.3 Plant 
Based on the permission of AFCD and the availability of manpower, fixed 
regions were sampled without disturbance to other species in the freshwater marshes 
• ' . “ • V 
(FMl and FM2) for 7 species of freshwater emergents which were all tested in the 
planting trial in the Mai Po Marshes Nature Reserve (Table 3.2). For each of the 
species, three permanent quadrats were set at each of the 3 submergence levels (low: 
> 0 cm; medium: 0 cm to -15 cm and high: -15 cm to -30 cm) in the precision of 土 
10 cm. 
Two harvests (May and October 2004) were done in this experiment. For each 
harvest, duplicate samplings of the aboveground biomass were done by 25 x 25 cm 
quadrats at randomly selected locations in each of the permanent quadrats under 
I. 
three submergence levels. 




The water samples collected were transferred back to the laboratory for analysis. 
pH and conductivity were measured by a pH and a conductivity meter (Jenway 4330 
pH and electrical conductivity meter, Essex, England). Salinity was measured by an 
Orion model 142 conductivity/salinity/temperature meter. Chemical oxygen demand 
Table 3.2 List of freshwater emergents sampled in the freshwater marshes (FMl and 
FM2) at the Hong Kong Wetland Park at Tin Shui Wai, Hong Kong. 
Chinese Name Family 
1 Cyperus malaccensis Cyperaceae 
2 Eleocharis dulcis 馬蹄 Cyperaceae 莎草科 
3 Fimbristylis subbispicata 雙穗飄拂草 Cyperaceae 莎草科 
4 Juncus effusus 燈心草 Juncaceae燈心草禾斗 
5 Leersia hexandra 氏 ! G r a m i n e a e 
6 Lepironia articulata 肇慶草 Cyperaceae 莎草科 
、...丨.“ 1,.‘ 
7 Scirpus littoralis 鑽荀藤草 Cyperaceae 莎草禾斗 
(COD) was measured by closed reflux colorimetric method (Hach COD reactor 
model 45600 and spectrophotometer DR/2010) and total suspended solids (TSS) 
were determined by standard methods (APHA, 1995). 
Water samples were filtered by 0.45 \im Millipore nitrocellulose filter membrane 
for the determination of nutrient contents. The concentrations of nitrate (NO3-N), 
nitrite (NO2-N) were determined by the cadmium reduction method using a Skalar 
automated ion analyzer (AIA) (Skalar, Breda, The Netherlands). The concentration 
of ammoniacal nitrogen (NHx-N) was determined by the Berthelot method and 
orthophosphate phosphorus (PO4-P) was determined by the ascorbic acid method. 
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Total nitrogen (TN) and total phosphorus (TP) contents were determined by Kjeldahl 
digestion (APHA, 1995) followed by analysis using the Berthelot method and the 
ascorbic acid method respectively. All analyses were completed within one week 
after sampling. 
• I 
3.2.4.2 Soil 广 
The air-dried soil samples were sieved in the mesh size of 2 mm before analysis. 
pH，conductivity and salinity were measured after soil water extraction (Soil and 
Plant Analysis Council, 2000)，and soil texture was determined by the Bouyoucos 
hydrometer method (Grimshaw, 1989). The concentrations of available nutrients in 
soil, including nitrate nitrogen (NO3-N), nitrite nitrogen (NO2-N), ammoniacal 
nitrogen (NH4-N) and orthophosphate phosphorus (PO4-P) were determined by the 
AIA after soil extraction with Mehlich No.l solution (0.05 N HCl in 0.025 N H2SO4) 
using the cadmium reduction method, the Berthelot method and ascorbic acid 
method respectively. Total nitrogen (TN) and total phosphorus contents were 
determined after Kjeldahl digestion (APHA, 1995) followed by analysis using AIA 
based on the Berthelot method and ascorbic acid method respectively. 
3.2.4.3 Plants 
The harvested samples were oven-dried in 70�C for over 72 hours until reaching 
constant weight to obtain their individual dry-weight biomass. The dried samples 
were then ground to powdery form using an electric blender. Sample of 0.1 g was 
used to determine the contents of total nitrogen (TN) and total phosphorus (TP) in 
the plant tissues after semi-micro Kjeldahl digestion (Skalar, 1995), which was 
i： : 
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analysed using an AIA by the Berthelot method and ascorbic acid method 
respectively. 
3.2.5 Statistical analysis 
Spatial (among different submergence levels) variations and variation between 
different species for the various parameters were determined by one-way analysis of 
variation (ANOVA). Tukey's honestly significant difference (HSD) test at = 0.05 
was used for the calculation of least significant difference (LSD) between 
submergence levels. All data were analysed by SPSS (Statistical Package for Social 
Science) version 11.0. 
3.3 Results and Discussion 
3.3.1 Water quality in the freshwater marshes at the Hong Kong Wetland Park 
Chemical properties and the concentration of nutrients of the water samples 
collected from the freshwater marshes (FMl and FM2) in the Hong Kong Wetland 
Park are shown in Figs. 3.2 and 3.3. The pH of the water samples from FMl and 
FM2 was slightly alkaline, ranging from 7.35 to 7.78 in Apr 2004, but was slightly 
acidic, ranged from 6.94 to 6.91 in Sept 2004. It was due to the abnormal wet 
weather in July and August 2004，and the direct hit of the tropical storm Kompasu on 
Hong Kong that necessitated the issuance of No. 8 Storm Warning Signal in July 
2004. Kompasu brought about high rainfall of 386.7 mm in July. In addition, 
numerous showers and thunderstorms occurred in Aug 2004 brought 488.5 mm of 
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Fig. 3.2 Chemical properties of water sampled from the freshwater marshes (FMl and 
FM2) in the Hong Kong Wetland Park in Apr and Sept 2004 (error bars 
represent SD of 10 replicates). 
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Fig. 3.2 (cont'd) Chemical properties of water sampled from the freshwater marshes 
(FMl and FM2) in the Hong Kong Wetland Park in Apr and Sept 2004 
(error bars represent SD of 10 replicates). 
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Fig. 3.3 Concentration of nitrogen and phosphorus in water sampled from the 
freshwater marshes (FMl and FM2) in the Hong Kong Wetland Park in Apr 
and Sept 2004 (error bars represent SD of 10 replicates). 
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The salinity and conductivity of the water samples of FMl and FM2 were low in the 
two months. In Sept 2004, the salinity and conductivity increased moderately in FMl 
but decreased slightly in FM2. The decrease in salinity and conductivity may be 
probably attributed to the influx of rainwater in July and Aug 2004. Compared with 
the water quality of the freshwater pond in the Mai Po Marshes Nature Reserve at the 
corresponding sampling period, the salinity and conductivity were much lower. It 
was because the source of water in FMl and FM2 were mainly rain water whereas 
the water quality of the freshwater pond in the Mai Po Marshes Nature Reserve was 
influenced by the water from gei wais and Deep Bay. The COD of water in FMl and 
FM2 was relatively lower than that in the Mai Po Marshes Nature Reserve in Apr 
and Sept 2004 indicating that the level of organic substances in the water in the 
freshwater marshes in the Hong Kong Wetland Park was lower. COD declined in the 
FMl and FM2 in Sept 2004 and it was reduced for more than 60% in FM2, as COD 
is lower in dry season. TSS in the water of FMl and FM2 was lower than that in the 
Mai Po Marshes. This reflects that the water source of the two freshwater marshes 
contained low level of suspended solids such as silt and plant litters. However, in 
Sept 2004, there was a 36% increase in FMl but a 41% decrease in FM2 for TSS. 
The increase in TSS may probably due to the siltation by storms and heavy rain in 
July and Aug 2004. The concentrations of NO3-N，NO2-N in all the water samples 
collected from FMl and FM2 were so low that were under the detection limit of 0.08 
mg/L and the concentration of NHx-N was below the detection limit of 0.02 mg/L 
throughout the study period. The content of NHx-N and TN was lower than the water 
in the Mai Po Marshes in the two months, but it showed a significant increase in the 
TN content in the water from FMl in Sept 2004 (p < 0.001). The concentrations of 
PO4-P and TP of water in FMl and FM2 were higher than those in the Mai Po 
' • • . i 
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Marshes. In Sept 2004, the level of PO4-P increased significantly for 30 times in 
FM2 {p < 0.001) and the level of TP also increased significantly by 27 times and 36 
times in FMl and FM2 respectively {p < 0.001). The increase in the concentrations 
of TN, PO4-P and TP was brought about by stormwater runoff, which was directed to 
FMl and FM2 through the sedimentation pond into the freshwater wetlands between 
19 August 2004 to 30 October 2004 (AFCD, personal communication, 2004). 
3.3.2 Soil properties in the freshwater marshes under different levels of 
submergence at the Hong Kong Wetland Park 
Chemical properties and the nutrient contents in the soil samples collected from 
the freshwater marshes (FMl and FM2) in the Hong Kong Wetland Park in May and 
Oct 2004 are shown in Figs. 3.4 and 3.5. The soils in FMl and FM2 were sandy clay 
loam soil (USDA-NRCS, 1998) which contained high level of sand. The soil in FMl 
contained 57.1% sand, low level of silt (14.4%) and clay (28.5%). The soil in FM2 
contained higher level of sand (61.7%), 14.4% of silt and lower level of clay (23.9%). 
The soil samples were slightly acidic, having pH values ranged from 6.1 to 6.7 in 
FMl and ranged from 5.73 to 6.48 in FM2. The insignificant difference between the 
samples collected from the 3 submergence levels reveals that the pH did not varied 
significantly with level of submergen6达:The discrepancy from the results of Chapter 
2 would be due to the difference in soil texture of the Mai Po Marshes Nature 
Reserve. The clay soil showed a greater drop in pH under deeper water depth than 
that of sandy soil (Megonigal et al, 1993). The results also showed that the soils in 
FMl and FM2 were more alkaline than that of the Mai Po Marshes. 
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Fig. 3.4 Chemical properties of soil sampled from the freshwater marshes (FMl and 
FM2) with different levels of submergence (low, medium and high) in the 
Hong Kong Wetland Park in May and Oct 2004 (error bars represent SD of 
10 replicates). 
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Fig. 3.4 (cont'd) Chemical properties of soil sampled from the freshwater marshes (FMl 
and FM2) with different levels of submergence (low, medium and high) in the 
Hong Kong Wetland Park in May and Oct 2004. Values within the sampling 
date followed by the same letter do not differ significantly at 5% level 
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Fig. 3.4 (cont'd) Chemical properties of soil sampled from the freshwater marshes 
(FMl and FM2) with different levels of submergence (low, medium and 
high) in the Hong Kong Wetland Park in May and Oct 2004. Values within 
the sampling date followed by the same letter do not differ significantly at 
5% level according to the Tukey's HSD test (error bars represent SD of 10 
replicates). 
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Fig. 3.5 Concentration of nitrogen and phosphorus in soil sampled from the 
freshwater marshes (FMl and FM2) with different levels of submergence 
(low, medium and high) in the Hong Kong Wetland Park in May and Oct 
2004. Values within the sampling date followed by the same letter do not 
differ significantly at 5% level according to the Tukey's HSD test (error 
bars represent SD of 10 replicates). 
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Fig. 3.5 (cont'd) Concentration of nitrogen and phosphorus in soil sampled from the 
freshwater marshes (FMl and FM2) with different levels of submergence 
(low, medium and high) in the Hong Kong Wetland Park in May and Oct 
2004. Values within the sampling date followed by the same letter do not 
differ significantly at 5% level according to the Tukey's HSD test (error bars 
represent SD of 10 replicates). 
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Fig. 3.5 (cont'd) Concentration of nitrogen and phosphorus in soil sampled from the 
freshwater marshes (FMl and FM2) with different levels of submergence (low, 
medium and high) in the Hong Kong Wetland Park in May and Oct 2004. Values 
within the sampling date followed by the same letter do not differ significantly at 
5% level according to the Tukey's HSD test (error bars represent SD of 10 
replicates). 
It was because the water in FMl and FM2 mainly came from stormwater runoff from 
Tin Shui Wai which was more alkaline than the water in the surrounding rivers of the 
Mai Po Marshes. The soils sampled from the low level of submergence in both FMl 
and FM2 showed significantly higher salinity (p < 0.001) and significantly higher 
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conductivity {p < 0.05) in May 2004. It was due to the higher rate of evaporation at 
the topper soil, thus the salts are more concentrated (Thompson and Bell, 2001). 
For the concentration of soil nutrient, all the soils sampled from FMl and FM2 in 
May and Oct 2004 had low level of NO3-N and NO2-N (<0.08 mg/kg). It was 
because the concentrations of NO3-N and NO2-N in the water sampled from FMl 
and FM2 also had undetectable levels of NO3-N and NO2-N. Oxygen is an important 
factor controlling the rate of denitrification in soil as it affects the synthesis and 
enzymatic activities. The moisture content of soil is inversely related to the oxygen 
content, and can be regarded as a determinant for oxygen (Erich et al, 1984). 
Therefore, in oxygen depleted and reducing waterlogged soil, NO3-N is reduced into 
NO2-N by denitrifying bacteria in soil, then transformed into nitrogen oxides (N2O) 
in denitrification and finally to nitrogen gas (N2). In general, the loss in mineral N is 
greater from waterlogged soils than that from upland soils (Li, 1997). In the study 
done by Sagemann et al. in 1994; t^ was reported that oxygen was consumed within 
the first few millimeters below the sediment-water interface. Nitrification is therefore 
limited in waterlogged soil in wetland thus the levels of NO3-N and NO2-N in soil 
are low. In FMl, concentrations of TN and NH4-N in soil increased significantly (p < 
0.05) with level of submergence in Oct 2004. However, they did not show any 
significant difference {p > 0.05) under different levels of submergence in May 2004 
and only NH4-N showed a significantly higher level {p > 0.05) for the average 
concentration from May to Oct 2004. The increase in TN and NH4-N in soil may 
probably be due to sedimentation, in which nutrients were flushed from the soil at 
higher level to soil at lower level (higher level of submergence). 
, - ••‘ 
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Concentrations of PO4-P and TP in FMl increased significantly {p < 0.05) under 
the medium level of submergence in May and Oct 2004. It was because PO4-P 
mineralization increased in reducing environment under higher level of submergence 
(Golterman, 1998). Moreover, P availability increased with the water content in soil 
(Venterink et al., 2002). The level of Fe2(0H) in soil decreased with submergence as 
it was transformed to Fe2(OH)3 in reducing condition. There would be less Fe-P 
complexing occurred thus more PO4-P available in soil under higher level of 
submergence. Sedimentation at the soil with higher level of submergence was also a 
reason for the increase in P availability with submergence. 
3.3.3 Growth of freshwater emergents under different submergence levels 
3.3.3.1 Aboveground biomass 
The 7 species showed significant difference (p < 0.001) in biomass in the two 
harvests (Table 3.3). Due to the mortality of some species during the harvest, the 
interaction of species x treatment could not be performed. In the first harvest (May 
2004)，the biomass production of Juncus effusus decreased significantly {p < 0.05) 
with submergence and this could not be observed in other species (Fig. 3.6). It was in 
\ 
agreement with Hoag and Zierke (1998) who found that J. effusus could tolerate 
2.5 - 8 cm of standing water, so that the spreading of J. effusus could be controlled 
by water level management. However, it was not consistent with the results in the 
plot trial experiment (Chapter 2) and Magee and Kentula (2005) who found that high 
coverage of J. effusus occurred across a wide range of water levels in North America. 
It may probably be due to the climatic difference between North America (temperate) 
and Hong Kong (sub-tropical). Besides, it may be due to the differences in soil 
texture, age of plants at the time of harvest between the two experiments. 
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Table 3.3 ANOVA table for biomass freshwater emergents grown under different 
levels of submergence in (a) May 2004 and (b) Oct 2004. 
(a) Source of variation df F ratio P 
Species 6 6.22 <0.001 
Treatment 2 0.232 0.794 
Residual 51 
Total 59 
(b) Source of variation df F ratio P 
Species 6 22.9 <0.001 
Treatment 2 6.75 0.002 
Residual 55 
Total ‘ 63 
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Fig. 3.6 Biomass of the 7 species of freshwater emergents grown under different 
levels of submergence (low, medium and high) from May to Oct 2004. Values within 
the sampling date followed by the same letter do not differ significantly at 5% level 
according to the Tukey's HSD test (error bars represent SD of 3 replicates). 
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Fig. 3.6 {cont'd) Biomass of the 7 species of freshwater emergents grown under 
different levels of submergence (low, medium and high) from May to Oct 
2004. Values within the sampling date followed by the same letter do not 
differ significantly at 5% level according to the Tukey's HSD test (error bars 
represent SD of 3 replicates). 
The emergents were planted for 16 months in restored natural wetland with clay soil 
(Chapter 2), but 22 months in created wetland with sandy clay loam soil (Chapter 3). 
Cyperus malaccensis and Lepironia articulata were the only 2 species that could 
survive under all the 3 submergence levels. On the other hand, Eleocharis dulcis and 
Leersia hexandra showed biomass production only in the medium level of 
submergence, while Fimbristylis subbispicata could only survive under the low level 
of submergence during the first harvest. It was similar to the results in the plot trial 
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experiment (Chapter 2) which found that L hexandra only survived under the 
medium level of submergence at the end of the study. In the second harvest (Oct 
2004)，the biomass production of all the 7 species did not differ significantly {p > 
0.05) with submergence. Only C. malaccensis showed biomass production in all the 
3 submergence levels. J. effusus ''and L: articulata died in the low level of 
submergence. There was no significant difference {p > 0.05) in the total biomass 
production of all species under different levels of submergence during the 
experimental period from May to Oct 2004. Some results of this part were quite 
consistent with those in the plot trial experiment (Chapter 2). During the final harvest 
of the two experiments, C malaccensis showed biomass increment under all the 3 
levels of submergence. It reveals that C. malaccensis is a freshwater emergent 
species which can well adapt to different levels of submergence. Hence, C. 
malaccensis widely spread in the freshwater wetland habitats in Hong Kong and it is 
commonly used for making matting and string (Hodgkiss, 1978). J. effusus and L. 
. I 
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hexandra could not survive under extreme levels of submergence. Besides, Scirpus 
littoralis could not survive under the low level of submergence. It was consistent to 
the results in the plot trial experiment (Chapter 2) which found that this species could 
only survive under the medium and high levels of submergence. Moreover, similar 
findings were obtained by Barclay and Crawford (1982) and Braendle and Crawford 
(1987) which found that the large rhizomes from Scirpus were able to survive for 
longer time than small and thin rhizomes of Juncus and Leersia. It is because the 
/ 
production of sufficient ATP to sustain cell metabolism requires a greater amount of 
glucose than under aerobic respiration. Plants with a greater stock of fermentable 
compounds such as carbohydrates in the large rhizomes are able to survive anoxia for 
. . ^ I' 
longer periods (Studer and Braendle, 1987). 
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It was noticed that the emergents in the experiments of Chapters 2 and 3 were 
under the influence of catastrophic events of different environmental factors. 
Although both of the experiments were influenced by typhoon (Chapter 2: typhoon 
Dujuan; Chapter 3: tropical storm Kompasu), the biomass of the species were also 
affected by pest, Pomacea canaliculata (apple snail), and Mikania micrantha. 
Mitigation measures in the previous experiment (Chapter 2) had ameliorated the 
problems, however, the biomass production of those species may have already been 
affected, which may lead to the different relationship between the biomass and 
submergence levels of plants in these two experiments. Since many species survived 
in the low and medium levels of submergence but not in the high level of 
submergence, it was suspected that the catastrophic events such as the vigorous rise 
in water level by rainfall and siltation may cause severe damage to the growth of the 
species under higher level of submergence. 
Based on the results of the present experiment, C. malaccensis was recommended 
for wetland creation in the' purpose of wetland mitigation and conservation. The lack 
. . . I • 
of significant relationship between emergent accumulative aboveground biomass 
production and level of submergence in the present study implies that this species 
should be productive under different levels of submergence. Besides, this species 
may have good aboveground biomass under the effect of soil salinity variation in 
different levels of submergence. In fact, C. malaccensis is a common perennial sedge 
growing at riversides and especially damp or swampy soils in Hong Kong (Griffiths, 
1983). 
. . ， . • 
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3.3.3.2 Plant nutrient concentrations 
Contents of N and P in plant tissues of the emergent species were determined 
because N and P are essential for plant growth and development. The N and P 
contents in J. effusus increased significantly {p < 0.05) with submergence in the first 
harvest (May 2004) (Figs. 3.7 and 3.8) and the significant difference was more 
evident in the total N content during experiment from May to Oct 2004. It may 
probably due to the dilute effect accompanied by the significant increase in plant 
biomass. Moreover, the results were consistent with the results in the plot trial 
experiment (Chapter 2) that N and P contents in the tissues increased significantly 
under medium level of submergence. (Figs. 2.8 and 2.9). The significant differences 
were probably attributed to the significantly higher concentration of NH4-N and PO4-
P in soil with submergence (Fig. 3.5) as plants only take up inorganic nitrogen and 
phosphorus. Rubio et al. (1997) found that roots of waterlogged wetland plants 
showed morphology favorable to nutrient uptake (finer adventitious roots) and these 
roots showed a higher physiological capacity to absorb nutrients. Nevertheless, the N 
and P contents in C. malaccensis and S. littoralis decreased significantly (p < 0.05) 
under the high level of submergence in Oct 2004. L. articulata had significantly 
higher (p < 0.05) N content in its tissues under the higher level of submergence 
during the 2 harvests. However, the P content of this species dropped significantly (p 
‘ I I 
< 0.001) (Fig. 3.8) under the high level of submergence. 
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Fig. 3.7 N content of the 7 species of freshwater emergents grown under different 
levels of submergence (low, medium and high) from May to Oct 2004. 
Values within the sampling date followed by the same letter do not differ 
significantly at 5% level according to the Tukey's HSD test (error bars 
represent SD of 3 replicates). 
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Fig. 3.8 P content of the 7 species of freshwater emergents grown under different 
levels of submergence (low, medium and high) from May to Oct 2004. 
Values within the sampling date followed by the same letter do not differ 
significantly at 5% level according to the Tukey's HSD test (error bars 
represent SD of 3 replicates). 
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This reflected that submergence had impacts on the allocation of N and P in plant 
tissues of these species. In the plot trial experiment (Chapter 2) in natural wetland 
habitat, the level of submergence had no significant effect on the nutrient contents in 
L articulate. This inconsistency may be due to the difference in soil texture of these 
two sites. The soil in the Hong Kong Wetland Park was more sandy and it had a 
lower water holding capacity. Moreover, compare with newly constructed wetland, 
the natural wetland in Mai Po should have more organic matters owing to 
accumulation of plant remains. Soils rich in organic matters have lower bulk density, 
higher water-holding capacities, and thus lower availabilities of soluble nutrients 
such as NO3-N, NH4-N and PO4-P than do mineral soils as more minerals tied up in 
unavailable organic form (Mitsch and Gosselink, 2000). In order to answer for this, it 
was suggested to measure the contents of organic matters in soils of these two sites. 
Besides, the slightly higher pH in the Hong Kong Wetland Park could also affect the 
nutrient availability and uptake by plants. Flooding reduced the root-shoot ratios 
(finer roots) of Paspalum dilatatum (a waterlogging-tolerant grass from the Flooding 
Pampa, Argentina), while did not reduce the P concentration in roots (Rubio et al.’ 
1997). This rapid uptake of nutrients is likely an advantage for the species inhabiting 
frequently flooded environments with low fertility. The significant differences in 
nutrient uptake of those species reveal that the management of level of submergence 
may be critical for the nutrient uptake of plants growing in wetlands with limited 
level of nutrients. Therefore, belowground biomass and nutrient content should be 
determined so as to evaluate the changes in nutrient uptake under different levels of 
submergence. 
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3.3.3.3 Plant nutrient yields 
The N and P yields of some species varied significantly under different levels of 
submergence. J, euffusus and L articulata showed significantly higher {p < 0.001) N 
yield (Fig. 3.9). However, in the first harvest, since the aboveground biomass 
production of J. effusus declined significantly {p < 0.05) with submergence, the N 
yield of J. effusus decreased significantly {p < 0.05) even the N content of this 
species had remarkable increase. This also happened in the P yield of J. effusus 
during the first harvest. J. effusus is a common emergent species in southern China 
and produced relatively large biomass in wetlands constructed for phytoremediation 
(Deng et al., 2004). It is important to control water level, soil nutrients and other 
factors in order to facilitate wetland plants in phytostabilization and phytoextraction. 
C. malaccensis and S, littoralis showed significant decline {p < 0.05) in the N and P 
yields in Oct 2004 (Figs. 3.9 and 3.10). Moreover, J. effusus and L articulata had 
significant significantly higher {p < 0.001) total P yield under the medium level of 
submergence during the experimental period from May to Oct 2004 (Fig. 3.10). It 
was reported that L articulata is commonly found in coastal wetlands in tropical 
regions. It has great productivity under submergence in a water depth of 
approximately 1.5 m，which reaches a plant height of 2 m (Queensland Government, 
t 
2006). ‘ 
With reference to the changes in the accumulative nutrient yields of the species, 
C. malaccensis had remarkable and stable N and P yields under the three 
submergence levels in the experiment which reveals the high efficiency in nutrient 
uptake and suggested that C. malaccensis may be suitable for the removal of N and P 
in wastewater purification in treatment wetlands. 
109 
May 2004 m Low 
1 2 0 0 0 � b •Medium 
T • High 
10000 -
1 8000 - a . 
f ：：： m Ij I J if 
z 二III H LLJ IX 
Cypervs Eleocharis Fimbristylls Juncus Leersia Lepironia Scirpus 
malaccensis dulcis subbisplcata effusus hexandra articulata littoralis 
w r ^ n Oct 2004 50000 � 







10000 ^ a b b i n b 
[ill I •___LLllJi 
Cypervs Eleocharis Flmbristylis Juncus Leersia Lepironia Scirpus 
malaccensis dulcis subbisplcata effusus hexandra articulata littoralis 
May 2004 - Oct 2004 
80000 � a 
70000 -
c ^ 60000 -
z 50000 - • • 
D) • 
E, 40000 - • 
？ 30000 - I 
b b • 
z 20000 _ b l b 
誦:Ijc 一 l JU i 
Cyperus Eleocharis Fimbristylis Juncus Leersia Lepironia Scirpus 
malaccensis dulcis subbisplcata effusus hexandra articulata littoralis 
Fig. 3.9 N yield of the 7 species of f reshwater emergents grown under d i f ferent levels 
o f submergence (low, med ium and high) f rom May to Oct 2004. Values 
wi thin the sampling date fo l lowed by the same letter do not d i f fer 
s ignif icant ly at 5 % level according to the T u k e y ' s H S D test (error bars 
represent S D of 3 replicates). 
110 
May 2004 ® Low 
3 0 0 0 � -Medium 
• High 
2500 -
c^ T _L T I 
£ 2000 - M l t X 
Q. p H ^ 
I— I I 
” � � I C a b b 
： i — AJ — ^ ^^ iL 一 
Cyperus Eleocharis Fimbristylls Juncus Leersia Lepironia Scirpus 
malaccensis dulcis subblspicata effusus hexandra articulata littoralis 
Oct 2004 
3000 「 
2500 - I 
^ a 
2000 - a 
Q-
D) T ah 
- 1 5 � � - I f 1 
•t 1000 - m j ^ _ m^ 
500 - i T � 
0 L ^ H _ L , S , .... _ u — — ~ L — H _ L 
Cyperus Eleocharis Fimbristylls Juncus Leersia Lepironia Scirpus 
malaccensis dulcis subblspicata effusus hexandra articulata littoralis 
May 2004 - Oct 2004 
6000 r 
5000 b 
� 4 0 0 0 - a^by b i 1 1 严 I 圓•• |a I 
1。。。I I 1 I 
0 i , __, ,——• I 
Cyperus Eleocharis Fimbristylls Juncus Leersia Lepironia Scirpus 
malaccensis dulcis subblspicata effusus hexandra articulata littoralis 
Fig. 3.10 P yield of the 7 species of freshwater emergents grown under different levels 
of submergence (low, medium and high) from May to Oct 2004. Values 
within the sampling date followed by the same letter do not differ 
significantly at 5% level according to the Tukey's HSD test (error bars 
represent SD of 3 replicates). 
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On the other hand, J. effusus could also be considered as the recommended species 
for treatment wetlands. This species has excellent performance in wastewater 
treatment as it has dense root system with rhizomes forming a matrix for many 
beneficial bacteria (USDA-NRCS, 2003), and provides waterfowls and small 
mammals for example muskrat with food and habitat (Martin et a/” 1951). Treatment 
... "‘J 
wetlands planted with J, effusus may also possess the purpose of wetlands 
conservation. This species had significantly higher accumulative N and P yields in 
the current study under the medium level of submergence. This implies that it may 
probably be more suitable for use in treatment wetland with shallow water depths 
around 15 cm. 
3.4 Conclusions 
There was inconsistency between the influences of submergence on the chemical 
properties of soil in the Hong Kong Wetland Park and that in the plot experiment at 
Mai Po (Chapter 2). This may be iiue to the differences in water quality, intrinsic soil 
property, age and the type of the wetland. This implies that the growth requirements 
of emergents and consequently the species suitable for creation in different types of 
wetland would be different. Due to dilution effect accompanied with increment in 
aboveground biomass, J. effusus had significantly higher N and P contents under 
medium submergence. Moreover, J. effusus and L. hexandra could not survive under 
extreme levels of submergence, and, S. littoralis could not survive under low level of 
submergence. These reveal that water level management would be important if these 
species were used in wetland creation. 
.1... . 
{ •. I 、. 
112 
C. malaccensis was suitable to be used in wetland creation. Furthermore, its 
marked accumulative N and P yields under all the submergence levels reflected that 
it may be applicable to nutrient removal by treatment wetlands. It is suggested that J. 
effusus (a common species used in treatment wetlands in temperate regions) may 
probably have higher nutrient removal ability under the medium level of 
submergence (i.e. shallow water depths of 0 - 15 cm) in treatment wetlands in 
tropical regions. 
.• J . , 
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Chapter 4 Growth performance of selected species of freshwater 
emergents under different levels of submergence and 
soil types in a greenhouse pot experiment 
4.1 Introduction 
Chapters 2 and 3 evaluate the effects of submergence level on the growth 
performance of selected freshwater emergence species, The species responded 
differently in natural and constructed wetland habitats. Studies had shown that the 
effects of water depth seldom act alone but usually interact with substrate parameters 
in controlling plant survival and growth (Weisner, 1991; Engelaar et al, 1993; 
Lenssen et al” 1999). Some flood-tolerant species of Rumex and Plantago floodplain 
communities in the Netherlands which possessed high root porosity were excluded 
by mechanical stress of wave action in areas with densely compacted soils (Engelaar 
et al, 1993). Besides, productivity of individual species increased with organic 
matter content in soil above the water level, but decreased in flooded soil high in 
organic matter (Wilson and Keddy, 1985). Nutrient availability in soils varied with 
the type of wetlands. The soil extractable NO3-N, NH4-N were higher in the natural 
marsh (with approximately 50% organic matter) than in the created marsh (with 1% 
organic matter) because the natural marsh had significantly lower bulk and particle 
densities than the created marsh, resulting in higher porosity. This implies that 
mitigation of wetland disturbance by creating wetlands may not duplicate the 
hydrologic and nutrient cycling functions associated with natural wetlands that have 
developed over years (Craft et al, 1991). This chapter reports a follow-up 
greenhouse experiment that investigated the performance of some of the species 
114 
w. 
under the effects of submergence level and soil type by keeping the environmental 
factors constant. 
Wetland plants are facing the influences of numerous environmental factors such 
as weather, weeds, pests and crowding in the field studies. In order to test the key 
factor affecting the growth of freshwater wetland plants, i.e. water level, a 
manipulative study is necessary to control the effects of those environmental factors 
that may affect plant growth. 
This experiment aimed to determine the interactive influences of soil type and 
•、t • ‘ I J t 
water depth, on the growth of freshwater emergents. The information obtained would 
be useful for species selection for wetland creation. 
4.2 Materials and Methods 
4.2.1 Experimental setup 
The experiment was done with freshwater emergents in plastic containers on 
benches in a shed (Plate 4.1), covered with transparent plastic sheets to keep away 
the rain, and protect the plants from adverse weather, foraging and pests during the 
experimental period. 
I 
The species used in this experiment are shown in Table 4.1. These six which 
were planted in a nursery in Guangdong and were chosen according to seedling 
availability. Besides, these species were reported to have variable biomass 
production in the field studies (Chapters 2 and 3) as shown in Table 4.1. All the 
species are commonly used in wetland creation in Hong Kong. 
115 
_ 
Plate 4.1 Pot experiment that investigated the performance of freshwater emergents 
under different levels of submergence and soil types was carried out in a 
shed outside a greenhouse. 
Table 4.1 List of the 6 species of freshwater emergents used in the greenhouse 
experiment. 
Chinese ^ Performance in 
name 丫 field experiments 
1 Commelina diffusa l l l f f i ^ ^^^^^^^^^^ Poor 
2 Cyperus malaccensis ^ ^ ^ Cyperaceae @胃禾斗 Good 
3 Juncus effusus 燈心草 Juncaceae 燈心草禾斗 Fair 
^ ^ ^ ^ p i • 
4 Leersia hexandra Gramineae 禾本禾斗 fair 
(李氏草） 
5 Paspalum distichum 雙穗雀稗 Gramineae 禾本科 Good 
6 Scirpus littoralis 鑽荀蔗草 Cyperaceae 莎草科 Fair 
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Plastic containers of 23 cm in diameter and 29 cm in height were filled with soil 
to a depth of 10 cm in each container. Two bare-root seedlings (with the shoot length 
from 25 cm to 35 cm) of each of the 6 species were planted. There were 3 levels of 
submergence: low (< 2 cm), medium (10 cm) and high (20 cm). The water levels 
were maintained by adding tap water whenever necessary. Two types of soil were 
used; they were collected from the Mai Po Marshes Nature Reserve (MP) and the 
Hong Kong Wetland Park (WP). There were 3 replicates of each treatment. The 
containers were arranged in a randomized block design. 
4.2.2 Harvesting 
After the initial measurement of biomass and nutrient contents in Sept 2004, the 
emergents were grown for 3 months after which they were harvested. 
4.2.3 Tissue analysis 
The harvested plant samples were oven-dried in 70°C for over 72 hours until 
reaching constant weight. The dried samples were then ground using an electrical 
blender. The contents of total nitrogen (TN) and total phosphorus (TP) in the plant 
tissues were determined using an AIA by the Berthelot method and ascorbic acid 
method respectively after semi-micro Kjeldahl digestion (Skalar, 1995). 
4.2.4 Statistical analysis 
Variations in plant growth were detected by two-way analysis of variation 
(ANOVA) with 3 submergence levels and 2 soil types. Tukey's honestly significant 
difference (HSD) test at = 0.05 was used for the calculation of least significant 
i » , . » 
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difference (LSD) between submergence levels. All data were analysed by SPSS 
(Statistical Package for Social Science) version 11.0. 
4.3 Results and Discussion 
4.3.1 Aboveground biomass 
Biomass production of Leersia hexandra and Scirpus littoralis increased 
significantly {p < 0.05) with level of submergence (Fig. 4.1), For the two soil types, 
L hexandra and S. littoralis produced the least growth (about 2 times of the initial 
biomass) under the low level of submergence after 3 months. Similar trend was 
obtained in the field experiments for S. littoralis which had poor growth performance 
in aboveground biomass under low level of submergence (Chapters 2 and 3). This 
result was similar to that reported by Weisner et la. (1993) that the shoot length of 
Scirpus seedlings was positively related to water depth, and that successful seedling 
establishment of Scirpus is probably depth dependent. Scirpus was well adapted to 
submergence by rapid elongation of stems, which may be stimulated by the 
accumulation of ethylene, a plant hormone (Cronk and Fennessy, 2001). Furthermore, 
t • 、 . 
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the large rhizomes of Scirpus were able to survive for long periods of flooding as 
such carbohydrate storage structures can produce sufficient ATP under anoxia by 
anaerobic respiration (Studer and Braendle, 1987). The growth of Commelina diffusa 
was poor and had biomass production only in MP soil under high level of 
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Fig. 4.1 (cont'd) Biomass of the 6 species of freshwater emergents grown under 
different levels of submergence and soil types in the harvest in Dec 2004. 
Values within the sampling date followed by the same letter do not differ 
significantly and ‘*’ indicates significant difference from the WP soil 
treatment at 5% level according to the Tukey's HSD test (error bars 
represent SD of 3 replicates). 
120 
I J 
However, under these levels of submergence and soil type, the biomass production of 
C. malaccensis, J. effusus and Paspalum distichum were not significantly different {p 
> 0.05), and this implies that their response to different levels of submergence and 
soil types were similar. C, malaccensis and J. effusus are common emergent species 
in Hong Kong that are able to grow in a wide range of water depth. P. distichum has 
long creeping stolons and extensive rhizome (Griffiths, 1983) and is regarded as an 
amphibious species that usually dominates wetlands that lack standing water most of 
the time (NSW Government, 2006). However, Hammer (1997) grouped J. effusus, 
Cyperus spp. and Paspalum spp. into the category of shallow water depths 
(seasonally flooded to permanently flooded to 15 cm), while Scirpus spp. was 
grouped into the category of medium water depths (15 to 50 cm). This inconsistency 
reveals that we should select species that are endemic to our region for planting in 
different wetlands. 
Under medium and high levels of submergence in MP soil, P. distichum had the 
largest increase in biomass (about 29 times of the initial biomass). Under the medium 
level of submergence, P. distichum had significantly greater {p < 0.05) biomass 
production in MP soil than that in WP soil. Moreover, biomass production of S. 
littoralis in MP soil was also significantly greater {p < 0.05) than that in WP soil 
under the medium and high levels of submergence. This reveals that MP soil favored 
the aboveground biomass production of P. distichum and S. littoralis under higher 
levels of submergence. It may probably due to the difference in soil texture (MP soil 
was clay soil while WP soil was sandy clay loam soil). Besides, soils in different 
types of wetlands may have different contents of organic matter. Since there was 
increasing number of studies showing that accumulation of organic matter is an 
‘ r . . 
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important factor for wetlands species distribution (Wilson and Keddy, 1985; Smits et 
al, 1990; Lenssen et al., 1999)，contents of organic matter in the two types of soils 
should be determined in order to gain further insights into the role of separate and 
interactive effects of soil type and level of submergence. Furthermore, flooding 
usually influences morphology of wetland plants for example reduced belowground 
biomass and increased total shoot length (Miller and Zedler, 2003). The adaptive 
morphology of biomass allocation could be assessed by determining the ratio of 
shootiroot biomass of each species in the experiment. 
The pot experiment kept away the environmental stresses such as rain, bad 
weather, pollutants other than nutrients, weeds, pests and foraging that would present 
in the field studies, so as to investigate whether the growth performance of emergent 
species are sensitive to those environmental factors. On the other hand, in the open 
systems of field experiments, nutrients from runoff replenished nutrients dissolved in 
) ^ J f 
soil continuously, while there was no "nutrient replenishment in the closed system of 
each pot, and tap water added in the pot experiment had smaller amount of dissolved 
nutrients thus there would be nutrient stress for plant growth. 
The significant differences of aboveground biomass production of each species 
grown under each level of submergence were compared with those grown in the field 
experiments (Chapters 2 and 3) (Figs. 2.7 and 3.6). The inconsistencies imply that: 
(1): If the species had significantly greater biomass production only in the pot 
experiment, its biomass production would probably be sensitive to the 
environmental stresses in the field experiments. 
！ . 
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(2): If the species had significant greater biomass production only in the field 
experiments, its biomass production would probably be sensitive to the nutrient 
stress in the pot experiment. 
The species with their aboveground biomass production sensitive to environmental 
stresses or nutrient stress under different levels of submergence are shown in Table 
4.2. 
Table 4.2 Species with their aboveground biomass production sensitive to 
environmental stresses or nutrient stress under different levels of 
submergence. 
Level of submergence Sensitive to environment stress Sensitive to nutrient stress 
Low — J, effusus 
Medium L hexandra，S. littoralis — 
High L hexandra, S. littoralis — 
The deduction shown in Table 4.2 implies that in wetland restoration of creation, 
it would be crucial to have proper management of nutrient availability in planting J. 
effusus, and environmental stresses control (such as weed and pest control) in 
planting L hexandra and S. littoralis in order to achieve better aboveground biomass 
production. Growth of the 6 species under different treatments was shown in Plates 
4.2 (a) - (f) and 4.3 (a) - (f). 
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Plate 4.2 Growth of (a) Commelina diffusa', (b) Cyperus malaccensis; (c) Juncus 
effusus under different levels of submergence: low, medium and high 
(from left to right) in MP soil in Dec 2004. 
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Plate 4.2 (cont'd) Growth of (d) Leersia hexandra; (e) Paspalum distichum; (f) 
Scirpus littoralis under different levels of submergence: low, medium and 
high (from left to right) in MP soil in Dec 2004. 
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Plate 4.3 Growth of (a) Commelina diffusa', (b) Cyperus malaccensis�(c) Juncus 
effusus under different levels of submergence: low, medium and high 
(from left to right) in WP soil in Dec 2004. 
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Plate 4.3 (cont'd) Growth of (d) Leersia hexandra; (e) Paspalum distichum; (f) 
Scirpus littoralis under different levels of submergence: low, medium and 
high (from left to right) in WP soil in Dec 2004. 
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4.3.2 Plant nutrient concentrations 
The nutrient contents were quite different among the species. J. effusus and S. 
littoralis had marked decrease {p < 0.05) in N content with submergence (Fig. 4.2) in 
MP soil, while L hexandra had significantly lower {p < 0.05) the N content under 
the medium and high levels of submergence in WP soil. C. malaccensis had 
significantly higher (p < 0.05) N and P contents under low level of submergence in 
WP soil. An increase in shoot height and allocation to shoot biomass is one of the 
most commonly reported changes in growth strategy for increased water depth in 
emergent plants (Grace, 1989; Clevering and Hundschneid, 1998). L hexandra and S. 
littoralis had significantly greater {p < 0.05) biomass production under higher levels 
of submergence (Fig. 4.1). As there was no nutrient input in the pot experiment, 
nutrients would be limited for plant growth. So, the significant changes in L 
hexandra and S. littoralis may be due to the dilution effect of nutrients accompanied 
I 
by the increase in biomass production. The N and P contents of P. distichum were 
^ I» ‘ 
not significantly different {p > 0.05) in MP soil and WP soil. This reflected that P, 
distichum may have stable nutrients allocation under different levels of submergence 
and soil types. Level of submergence did not affect the biomass production of C. 
malaccensis and J. effusus. Therefore，this reveals that C malaccensis and J. effusus 
may be more efficient in re-allocating their nutrients regardless of the changes in 
biomass production under the influence of submergence levels. 
Under the low level of submergence, the N content of S. littoralis was 
significantly higher {p < 0.05) in MP soil than that in WP soil. 
• ‘ '> • • . • . 
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Fig. 4.2 N content of the 6 species of freshwater emergents grown under different 
levels of submergence and soil types in the harvest in Dec 2004. Values 
within the sampling date followed by the same letter do not differ 
significantly and '*' indicates significant difference from the WP soil 
treatment at 5% level according to the Tukey's HSD test (error bars 
represent SD of 3 replicates). 
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Fig. 4.2 (cont'd) N content of the 6 species of freshwater emergents grown under 
different levels of submergence and soil types in the harvest in Dec 2004. 
Values within the sampling date followed by the same letter do not differ 
significantly and indicates significant difference from the WP treatment 
at 5% level according to the Tukey's HSD test (error bars represent SD of 
3 replicates). 
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Fig. 4.3 P content of the 6 species of freshwater emergents grown under different 
levels of submergence and soil types in the harvest in Dec 2004. Values 
within the sampling date followed by the same letter do not differ 
significantly and '*' indicates significant difference from the WP soil 
treatment at 5% level according to the Tukey's HSD test (error bars 
represent SD of 3 replicates). 131 
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Fig. 4.3 (cont'd) P content of the 6 species of freshwater emergents grown under 
different levels of submergence and soil types in the harvest in Dec 2004. 
'*' indicates significant difference from the WP soil treatment at 5% level 
according to the Tukey's HSD test (error bars represent SD of 3 replicates). 
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Furthermore, P. distichum showed significantly higher {p < 0.05) P content in MP 
soil than that in WP soil under the medium and high levels of submergence. The N 
and P contents of C. malaccensis were significantly higher {p < 0.05) in WP soil than 
that in MP soil under the low level of submergence. 
It was suggested that belowground biomass and nutrient contents should be 
examined in order to investigate the changes in nutrient uptake under the effect of 
submergence in different soil type in a controlled experiment that kept away from 
environmental factors. Moreover, the soil nutrient contents should also be 
determined during the time of harvesting to see if there was any nutrient limitation in 
soil, which may affect the nutrient uptake in plant tissues under different levels of 
submergence. 
The significant differences in N and P contents of the species grown under each 
level of submergence were compared with those grown in the field experiments 
I 
(Chapters 2 and 3) (Figs. 2.8 - 2.9 and 3.7 - 3.8). The inconsistent results imply that: 
(1): If the species had significant greater nutrient contents only in the pot experiment, 
its nutrient contents would probably be sensitive to the environmental stresses 
in the field experiments. 
(2): If the species had significant greater nutrient contents only in the field 
experiments, its nutrient contents would probably be sensitive to the nutrient 
stress in the pot experiment. 
The species with their nutrient contents sensitive to environmental stresses or 
nutrient stress under different levels of submergence, are shown in Tables 4.3 and 4.4 
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Table 4.3 Species with their N content sensitive to environmental stresses or nutrient 
stress under different levels of submergence. 
Level of submergence Sensitive to environment stress Sensitive to nutrient stress 
Low C. malaccensis, J. effusus, — 
L hexandra, S. littoralis 
Medium — — 
High — L hexandra, S. littoralis 
Table 4.4 Species with their P content sensitive to environmental stresses or nutrient 
stress under different levels of submergence. 
Level of submergence Sensitive to environment stress Sensitive to nutrient stress 
Low C, malaccensis — 
Medium — — 
High 一 J. effusus 
4.3.3 Plant nutrient yields 
The N and P yields of L hexandra increased significantly {p < 0.05) in MP soil 
under the high level of submergence, while increased significantly {p < 0.001) in WP 
soil under the medium level of submergence (Figs. 4.4 and 4.5). S. littoralis had 
.i、.： i , .. ‘ I 
significantly higher (p < 0.05) N and P yields under the medium level of 
submergence in MP soil. However, the P yield of S. littoralis did not differ 
significantly {p > 0.05) with submergence levels in WP soil. This reflected that the 
effect of submergence level on the efficiency of N and P accumulation in the 
aboveground biomass varied in different soil types. 
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Fig. 4.4 N yield of the 6 species of freshwater emergents grown under different 
levels of submergence and soil types in the harvest in Dec 2004. 
(error bars represent SD of 3 replicates). 
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Fig. 4.4 (cont'd) N yield of the 6 species of freshwater emergents grown under 
different levels of submergence and soil types in the harvest in Dec 2004. 
Values within the sampling date followed by the same letter do not differ 
significantly and ‘*’ indicates significant difference from the WP soil 
treatment at 5% level according to the Tukey's HSD test (error bars 
represent SD of 3 replicates). 
136 
Commelina diffusa 國 Low 
• Medium 
口 10 a High 
善 8 - [ 
D) 6 
E € 4 - r n 
2 -





^ 40 - J — , 
D) T 
旦30 
IZ- i H 
MP WP 
Juncus effusus 
100 罢 80 - 丨 
QL 
D) 60 - • • ~ 
f 4�— — 
'12�- mm • 
Q I w il irti ^Wi^B 1 i — HHI^ H I i 
MP WP 
Fig. 4.5 P yield of the 6 species of freshwater emergents grown under different 
levels of submergence and soil types in the harvest in Dec 2004. 
(error bars represent SD of 3 replicates). 
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Fig. 4.5 (cont'd) P yield of the 6 species of freshwater emergents grown under 
different levels of submergence and soil types in the harvest in Dec 2004. 
Values within the sampling date followed by the same letter do not differ 
significantly and '*' indicates significant difference from the WP soil 
treatment at 5% level according to the Tukey's HSD test (error bars 
represent SD of 3 replicates). 
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The N and P yields of C diffusa, C. malaccensis, J. effusus and P distichum did not 
have significant difference {p > 0.05). Similar results were obtained in the field 
experiments (Chapters 2 and 3) and thus reveals that no matter there was 
environmental stresses or not, the N and P yields of these species would be stable 
under the three submergence levels. 
Under the medium and high levels of submergence, the N and P yields of S. 
littoralis were significantly higher (p < 0.05) in MP soil than that in the WP soil. P. 
distichum had significantly higher (p < 0.05) P yield in MP soil under medium and 
high levels of submergence. The results imply that S. littoralis and P. distichum may 
have higher efficiency in the removal of macronutrients N and P in wastewater 
purification (water depth of 10 - 20 cm) in MP soil than in WP soil under the 
medium and high levels of submergence. 
The significant differences of N and P yields of the emergent species grown 
under each level of submergence were compared with those grown in the field 
experiments (Chapters 2 and 3) (Figs. 2.10 - 2.11 and 3.9 - 3.10). The inconsistent 
results imply that: 
, I 
(1): If the species had significant'greater nutrient yields only in the pot experiment, 
its nutrient yields would probably be sensitive to the environmental stresses in 
the field experiments. 
(2): If the species had significant greater nutrient yields only in the field experiments, 
its nutrient yields would probably be sensitive to the nutrient stress in the pot 
experiment. 
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The species with their nutrient yields sensitive to environmental stresses or nutrient 
stress under different levels of submergence, are shown in Tables 4.5 and 4.6. 
Table 4.5 Species with their N yield sensitive to environmental stresses or nutrient 
stress under different levels of submergence. 
Level of submergence Sensitive to environment stress Sensitive to nutrient stress 
Low L. hexandra, S. littoralis 
Medium L hexandra, S. littoralis J. effusus 
High L. hexandra, S. littoralis —— 
Table 4.6 Species had their P yield sensitive to environmental stresses or nutrient 
stress grown under different levels of submergence. 
Level of submergence Sensitive to environment stress Sensitive to nutrient stress 
Low — — 
Medium L. hexandra, S. littoralis 一 
High L, hexandra, S. littoralis — 
The deduction shown in Tables 4.4 and 4.5 implies that in treatment wetlands, it 
would be necessary to have proper management of wastewater inflow rate in planting 
J, effusus, and environmental stresses control (such as weed and pest control) in 
using L. hexandra and S. littoralis in order to achieve better efficiency in the removal 
of N and P in wastewater purification. 
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4.4 Conclusions 
Results of the greenhouse experiment agreed partially with those from the field 
experiments that S. littoralis had poor growth under the low level of submergence. C. 
malaccensis^ J. effusus and P. distichum may have similar tolerance to levels of 
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submergence and soil types. In addition, P. distichum did not have any significant N 
and P allocation under different levels of submergence. This implies that P. 
distichum may grow well in a wide range of water depth and could be applied to 
1 
habitat restoration and wetland creation. 
The remarkable growth performance in aboveground biomass, N and P yields of S. 
littoralis under the medium and high levels of submergence (10 - 20 cm) were 
significantly higher when grown in MP soil. This implies that apart from 
submergence level, soil type is also important to the growth performance of S. 
littoralis in wetland habitats. 
The aboveground biomass production and nutrient yields of L. hexandra and S, 
littoralis were sensitive to environmental stresses such as rain, bad weather, 
pollutants other than nutrients, weeds, pests and foraging. J. effusus may probably 
have its biomass production and nutrient yields susceptible to nutrient stress. This 
implies that protection against adverse weather at the initial stage of plantation and 
nutrient replenishment would be important to improve the performance of these 
species in restored and created wetlands. 
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Chapter 5 General Conclusions 
5.1 Summary and implications of major findings 
Natural wetlands have valuable ecological functions such as flood control, 
shoreline stabilization, soil nutrient retention and water purification. Besides, they 
are productive environments which are important habitats in sustaining the 
biodiversity as they supply water, substratum and food for a number of plants and 
animals, thus providing us ecological and economic benefits. However, wetlands that 
are not well protected or properly managed are often seen in developed urban regions, 
and hence the deterioration of the ecological significance of the wetlands. To 
alleviate this situation, the Hong Kong Government intends to put more effort to 
wetland compensation projects and wetland education so as to improve the public 
awareness of wetland conservation. 
This study aimed at examining one of the crucial growth requirements, water depth 
(level of submergence), for some common species of freshwater emergents in the 
wetland creation activities in Hong Kong. The initial step of this project was to find 
out the variation in growth performance in terms of biomass production of the 
selected species under different levels of submergence in the field experiments. 
In the field study conducted in the Mai Po Marshes Nature Reserve, the results 
！ I ..、、； 
showed that Alpinia speciosa, Eleocharis tetraquetra, Fimbristylis complanata and 
Polygonum barbatum may not be suitable for wetlands restoration at this site as they 
died after the 4-month growth. For site selection in the enhancement, restoration and 
creation of coastal wetlands, hydrologic factors including drainage features such as 
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channels and ponds, tidal regime and range, and wave intensity are needed to be 
evaluated (Zentner, 2000). However, this experiment demonstrated that all the 
species tested did not have significant variation in biomass production under the 
influence of different water depths. Among the 20 selected species of freshwater 
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emergents, Pragmites australis performed superiorly than other species when total 
biomass production was taken into account. Moreover, spreading of P. australis 
across the adjacent plot was observed. Since P. australis can rapidly colonize areas 
opened by human development and marsh construction or restoration activities 
(Cronk and Fennessy, 2001), and dense monotypic stands of P. australis provide 
less-preferred food and habitat for waterfowl and other wildlife (Chambers et al, 
1999)，we should consider its invasiveness before planting it in large scale. Cyperus 
malaccensis and Paspalum distichum had a relatively better growth performance 
under low, medium and high levels of submergence, they could be considered 
potential species for wetland restofatidn. However, P. australis is confirmed for its 
value for N and P removal in treatment wetlands for wastewater purification because 
of its high accumulative N and P yields. The allocation of N and P of C. alternifolius 
increased significantly under medium submergence levels, while that of Juncus 
effusus decreased significantly under the high level of submergence. Belowground 
biomass production and nutrient contents should be examined in order to evaluate the 
changes in biomass and nutrient allocations, and thus the nutrient uptake under 
different levels of submergence and thus to investigate the effect of submergence on 
the growth performance of the species. 
j 
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In the second field experiment which was carried out in the freshwater marshes at 
the Hong Kong Wetland Park (a created wetland site) showed that C. malaccensis 
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had stable aboveground biomass production and nutrient yields in different levels of 
submergence, which would be suitable for created and treatment wetlands in the 
water depth ranges from 15 to 30 cm. 
P. distichum also performed well in the greenhouse experiment. Besides, Scirpus 
littoralis which is another common freshwater emergent species in Hong Kong, had 
good overall performance. In addition, the biomass production of P. distichum and S. 
littoralis differed significantly {p < 0.05) in different soil types (clay soil and sandy 
clay loam soil). This reveals that apart from soil nutrients, pH and organic matter 
content, soil texture should also be considered in the practice of wetland restoration 
and creation. The differences in significant influences of submergence level on the 
growth performance of species in field experiments and pot experiment imply that 
the growth of S, littoralis and Leersia hexandra were sensitive to environmental 
stresses, while that of J. effusus was susceptible to nutrient stress. Hence, the 
protection of species against adverse weather and nutrient replenishment at the initial 
stage of plantation would be necessary to improve the performance of these species 
in restored and created wetlands. 
5.2 Limitations of the study 
The current study involved natural and constructed wetland systems in order to 
provide some basic information for the water level management of wetlands. 
However, no two wetlands are identical because of their complexity and variation in 
physical profile and ecological processes (Keddy, 2000). As a result, the results 
cannot reflect the exact performance of the selected species in all wetland systems. 
.。：.:..'，，. 
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Hydrology is probably the single most important determinant of the 
establishment and maintenance of different types of wetlands and wetland processes 
(Mitsch and Gosselink, 2000). Among the three main aspects of water regime, this 
study only investigated the impact of water depth (level of submergence) on the 
growth of freshwater emergents. Yet, it failed to examine the influences of flood 
duration and frequency of inundation on plant growth. Therefore, the current study 
alone could not assist in predicting the vegetation response to water level variation in 
natural, modified and constructed wetlands. 
. 丨.. 
The field experiments attempted to include common local emergent species and 
to test their growth performance under the impact of submergence. Nevertheless, it 
could not assess the effect of submergence on the fauna communities and thus was 
unable to reveal the total ecology of the wetlands. 
5.3 Further investigation 
This study nonetheless demonstrates some preliminary but valuable findings of 
the preference of water depth of the common emergent species for wetland creation 
in South East Asia. However, some problems have not been solved and there are 
several areas that need further investigation. 
In the field and greenhouse experiments, although the level of submergence was 
adjusted regularly by electric pump, the water depth still fluctuated to a certain extent 
during the course the experiment. It may be constructive to monitor the rate of 
fluctuation of water depth, and how it correlates with soil properties and biomass 
growth. 
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More emergent species should be evaluated for their growth in order to expand 
the list of emergent species for wetland creation. Some common emergent species 
such as Carex spp., Cyperus spp. like C papyrus and C. esculentus, Equisetum 
debile and Rumex maritimus are potential species for freshwater wetland creation in 
Hong Kong. Since nitrogen is the limiting nutrient for most coastal wetlands (Zedler, 
2001)，nitrogen-fixing legumes from the families of Neptunia, Discolobium, 
Aeschynomene and Sesbania, which grow as emergents in the tropics and subtropics 
(Cronk and Fennessy, 2001) could be exploited to improve the N content in soil. 
Root growth parameters such as biomass production, morphological changes and 
nutrient content, and root activities of the emergent species should also be studied. 
Moreover, more treatments of submergence (water depth more than 30 cm) should be 
tested. If permitted, the growth performance of the species should be monitored over 
several years in order to determine the long term effect of submergence on plant 
growth. 
Wildlife is attracted to the type of vegetation community that develops in 
response to water level and is directly affected through the creation or elimination of 
aquatic habitat (Kent, 2000). Therefore, water level which is important to the 
determination of wetland plant community can also influence wildlife productivity. 
Waterfowl are especially affected by the emergent vegetation and the fluctuation of 
water depth in open water. Kent (2000) found that high submergence level favored 
the growth of desired vegetation thus increased the availability of mast to wintering 
waterfowl. However, the drawdown concentrated invertebrate prey items for 
migrating waterfowl. Moreover, there is wide acceptance of wetlands created for 
r 
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wastewater treatment applications as well as restoration of wildlife habitat. The 
achievement of high avian species richness and relative abundance and considerable 
average nitrate removal efficiency (by denitrification) of 80% in the treatment 
wetland with flooding management (Fleming-Singer and Home, 2006) reveals the 
water level management is crucial in sustaining the diverse functions of wetlands. On 
the other hand，the necessity of removing livestock from the eastern Usangu wetlands 
in order to restore the perennial freshwater flow of the Great Ruaha River (Mtahiko 
et al.’ 2006) reflects that we should not solely put the focus on the immediate 
purposes of wetlands such as flood prevention, farming and fisheries, and nature 
conservation, but also incorporate the use of ecosystem properties at the wetlands as 
a principle in implementing a program of water resource management (Zalewski, 
2002) so as to prevent freshwater crisis. As a result, to have a true picture of the 
ecological status，it may be useful to investigate the inter-relationship between water 
regimes (water depth, frequency and duration) and the assemblage of wildlife. 
Management of wetland hydroperiod including the major determinants of 
wetland vegetation associations - water depth (level of submergence), duration and 
frequency of inundation (Zentner, 2000), is crucial in wetland enhancement, 
restoration and creation. Therefore, further research, discussion and cooperation 
among the engineers, wetland ecologists and specialists around the world would be 
necessary for wetland conservation. 
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